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{'HAP'l'KK 1. 

INTKiiDtiCTOUV. 

JJISINT'IXTUIN IS piiiiiiirily a tool, which is jilacid in the 
hands of tlioso tollow iiio a s])(M’ial callin',' - the cart! and 
treatment of the sij-k—and in those of tlie world at 
large. It is, moreover, a complicated tool, its applica¬ 
tion necessitating kot only practice hut also intelli¬ 
gence, that is to say, a knowledge of tin; causes and 
metliCKls of dissemination of infectious diseases; and 
also familiarity with the method and s])here of action 
of.the .several kinds of disinfection. 

Although it is true that, for practical use, instruc¬ 
tions for tile perfonnauee of disinfection, which give 
Juli details and are intended to preclude all risk of 
error, have hoen issued hy more or less comjietent 
authorities, experiencc^ieverthe|ess .shows that, even in 
the simple kind.s of disinfection errors are committed 
whicb may prejudice the entire results. The natural 
cojiisequence is that the causes of the non-suewss of 
the method—which in itself may he a very suitable 
one —are concealed. Expert supervision or inspection 
is, however, indiapeasable in practice. 

As a collection of fundamental facts, disinfecti«n is 
also » not Unimportant branch of hygienic science; 
and an exhaustive cc«irse of study is necessary in order 
to become an expert in the subject. • Like the science 
fof hygiene,>that of di.sinfection only pai^tially pojscs^ 
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methods of its own, both chemical, pnysicai ana oao- 
teriological methods of investigation having to render 
assistance; but the adaptation or development of these 
methods in association with the special biological 
methods is specific in character. .The‘description of 
the methods of investigation is, however, reserved to 
the scientific publications dealing with the subject, the 
present work btsing concerned solely with the results 
obtained. 

Disinfection is the prevention of infection. Infec* 
tious diseases are set up by micro-organisms belonmng 
to the lowest orders of the veg^able (protophytes, 

* bacteria, budding fungi and mould fungi)' and animal; 
(protozoa) kingdoms. Those organisms act partly by 
the production of poisonous substances, either inside 
or outside the body; partly by destroying individual 
portions of the body, and also by inundating the whole 
body and producing functional disturbance of same. 
Except in the case of certiiin toxic micro-organisms— 
such as those causing allontiasis—which do not in 
themselves give rise to symptoms of disease, the in-^ 
fectious diseases always have as their starting-point the 
infected human or* animal organlkm; but the path trav¬ 
ersed by the pathogenic germ from its original habitat 
to a new organism differs, not only in different disaases, 
but also in one and the same complaint^ Such diseasps 
as those of the genital organs, wound infectian, leprosy- 
plague, anthrax and rabies are communicated 4)y th 
direct confect between diseased and« healthy b^iei 
and Also occasionally through the hands, b^y-Iinet 
brashes, sponges, instruments (catheters), ete. 
atmospheric dust forms the mean^of transmitting ill 
p^j(m8 of measles, tscarlet fever, smallpox, chick^)^ 
fe>3 tubercaloRjsr Tlie drops of fluid pranced iii C(m^ 
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ing, sneezing, singing, talking and laughing, frequently 
contain the germs of tuberonlosis, epidemic spotted 
fever, influenza, phthisis, diphtheria, wh(K>ping-cough 
and glanders; and on account of their high power of 
remaining in suspension, are carried by currants of air 
into the respiratory tracts of men or animals iii the 
vicinity. The disease germs, such as thf>ae of typhoid, 
dysentery and cholera occurring in the teces or urine, 
^ay also be disseminated into the environment 
through the impact of a stream of liquid against a solid 
sulratratum or the^ surface of a liquid—for example, 
during urination oa defecatioit, the emptying of uten¬ 
sils, the splashing of bath water, etc. The soil fre¬ 
quently harbours the resting forms of tetanus, anthrax 
and malignant oedema; whilst water may carry the 
germs of cholera, typhoid fever and dysentery. The 
former (soil) occasionally finds its way into skin 
wounds, and the latter (water) is taken as a beverage; 
and in this way the germs find an op()ortunity of 
causing disease. Foodstuffs in general are also excel¬ 
lent nutrient media for all kinds of pathogenic germs, 
which develop luxuriantly therein when once they have 
gained access. This dkplains why the germs of tuber- 
cnlosis, diphtheria, influenza, cholera, typhoid and 
dysewtery, and the micro-organisms producing ptomaine 
P(^ns and allontiasis are frequently discovered in 
foods. Finally, insects are transmitters of disease. 
Flies tarry, on their legs and internally, the germs of 
infectious diseases which are localized in the* intestines, 
which germs they take up along with particles d! ex- 
<Mmentitioas matters and deposit them on foodstuffs. 
jHosqnitoes, gnats, bogs, fleas and lice suck the bkwd 
biy.pettions suffering from sleeping'sickness, maiaga> 
yiltow fevft, lelapsiug fever, plague aA(\ spotted* fever. 
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and rciiKiculati! lliu f^iirms into healthy organisms. It 
must iilso be Imrne in mind that the transmission of 
disease fi'e(|ueiitly proceeds in a very complicated 
manner. A germ excreted in faical matter may be 
carried for some distance on a boot, then transferred 
farther by inswits, and still farther from hand to hand 
—sometimes tliroiigh a vtiry long chain. Moreover, it 
must not be forgotten that, in many diseases, the dis¬ 
semination of the germs docs not cease with the cessaj 
tion of the clirncal symptoms, but may continue for 
weeks and even months: that I here are light forms of 
disease, in which the general well-being of the patient 
is only slightly alfected, if at all, although In! may give 
off |Kithog(!nic germs that i!xhibit undiminished viru¬ 
lence (healthy_germ carriers). 

AVhen it is also remenibei'eil that the disease germs 
differ considerably in their capacity tor existence outside 
the body, it will be evidcint that s])eeial metlnxls re- 
(|uire to be adopted tor disinfecttion in each disease, 
such methods being based on the special circumstances, 
if success is to be commensurate with the trouble en-^ 
tailed. The elalxyation of these methods forms the 
task of disinfection as a sjiecialiJed subject, whilst the 
present work is restricted to general disinfection, that 
is to say, the preparation of disinfectants, their mide of 
ivction and scope of efficiency. 

Attempts at disinfection are nearly as old a»the human 
r.kce itself. We read of the effects of Boreas sin the 
plague-Btri?ki!n quarters of Babylon ; and Homer wrote 
abotft wo<xl smoke and sulphur fames. The cult of the 
liath in the later periods of antiquity was a semi-conscions 
attempt at disinfection; and in the Middle Ages, the 
tear of devastating plagues gave rise to the strangest 
notioift regardjt% the prevention of infectioiT. The re- 
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ports on the burning of witches, penning goats in pest- 
houses, and so forth, testify the confusion occasionwi in 
the human mind by the siiisTstitioii of the age?. It 
was not until jibout a hundrwi years ago that any ac¬ 
curate perception,a>f the ix)ssibility of jn-evemting in¬ 
fection began to diwn among the enlightened. At tin? 
turn of the eighteenth century, Peter Frank, I’leuciz, 
Count Itumford, and above all the celebrated cinunist 
fjavoisier held generally accurate views on the nature 
of infection and made what were in part really practical 
prcjposals for jireveiiting same. Lavoisier, for instance, 
instigated a regularton, in virtue of which all persons 
received into prisons and hospitals were bathed and 
made to don clothing provided by the State, their own 
garments being disinfected in hot-.air eiiplKiards. Half 
a century ago, foster inaugurated the antiseptic treat¬ 
ment of wounds; and shortly afterwards Pasteur came 
on the scone with his highly inijiortant resi’arcbes on 
the causes of fermentation, etc. It was not, however, 
until the epoeti-making discovery of Kobert Koidi in con- 
gection with the causes of disease, and his method of 
pure culture of the disease germs, that the subject of 
disinfection w.as opened up to scientific treatment; and 
it is only from that date—in the early eighties of the 
last dhntvfry—that the science of disinfection came into 
existence, During the last three decades this science 
has attaineff extensive development. 
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VHY.SICAI. DISINFHCTION. 

Thk tenn “ disintectioii ” means freeing articles from 
odlicrent disease genus. This resijjt can be achieved 
either by removing these germs in*an unaltered condi¬ 
tion, or else by destroying their pathological activity 
(i.e. their vitality) on the spot. 

In the former event the disease germs are got rid by 
mechanical agencies. Thus germs are eliminated from 
drinking water by means of compact filters. In the 
case of walls, the topmost layer (dust, etc.), accom¬ 
panied by the germs adhering thereto, is removed by 
rubbing it with bread; and finally, one may regard 
as mechanical disinfection the practice of covering ovef 
with a coat of psfint (and thus rendering harmless) the 
genus adhering to the surface of solid objects. All such 
precautions belong undoubtedly to the sphere of disinfec¬ 
tion, though in the narrower sense the term i« restncted 
to the second category, in which the disease getms^re 
destroyed. 

The annihilation of all the micro-organisms* in and 
upon^n object is the final aim of sterilisation, an opera¬ 
tion* originally based on a different course of ideas. Only 
a small proportion of the germs found on the euth^ ii 
surface are pathogenic, the majority being putcebiathrsi, 
that is to say having the property of decomposing dead 
organic matter. In order to preserve frotn decompo- 
( 6 ) 
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sition readily decompoBable fo()d«tnfis and other organic 
objects, attempts were made to free the same, and 
everything coming in contact therewith, from adherent 
micro-organisn^, that is to say, to storili/,e -them. 
Since disease gen^ are included in this category, and 
form only a small body in comparison with the putre¬ 
factive organisms, the term steriliication covers a wider 
field than “ disinfection ” and always includes the 
litter, though* the converse does not ai)ply. Never¬ 
theless, in practice, the two expressions are frequently 
use^ as synonymoqs—and for the, most part correctly 
so. 

It should be taken as an axiom that the processes of 
disinfection must always be regarded from two points 
of view, the biological and the physical, the former 
treating of the action of the disinfecting medium on the 
micro-organisms, and the latter dealing with its be¬ 
haviour towards the articles to which those organisms 
adhere. One may also speak of two stages of disin¬ 
fection : the first consisting in the penetration of the 
disinfectant on the outside or inside an object as far as 
the hiding-places of the germs, whilst the second stage 
is concerned with the destruction of said germs. The 
pbysio.ll side of the operation may in many cases be 
so ineignificant as to be negligible; but it is always 
defirable to ascertain this definitely, in order that nothing 
may be omitted. 

It i^herefore the task of the science of disinfection 
to examine the individual disinfecting agents on both 
sides; and it may be taken for granted that sp&sific 
^perties in one direction or the other will occasion- 
Jl^y be discovered. On the biological side the micro- 
Otguiisms constitute the point of attack. In general 
powef of resistance to disinfectifig agents Varies 
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considw-alily, bo that in ttuH reRpect a graduated scale 
could he drawn up. The graduations, however, will 
not exactly coincide for the different disinfectants, and 
furtleanion!, the individual s])Ocies dy not behave 
idtiiitically throughout the whole •yf their races and 
stocks; on the contrary thew sonietiines exhibit re¬ 
markable divergencies. In testing disinfectants it has 
therefore become the practice to determine a limit 
vahii: u|) to which the agent is effectual! ami by coiij- 
paring this limit value with that of a thoroughly in¬ 
vestigated known agent tfor (ixampt! steam at '2I‘2^^h’.) 
obtain a basis for ju Iging its ellica^'. 

Disinfecting agents arc very numerous; in fact, 
ev<s'ything capabk^ of injuring the vitality of micro- 
orgaidsms is" a disinfectant, provided, of course, that 
vitality is undi'i'stoiHl to mean |iropagative capacity. 
Agents which are able to ri'striet propagation merely 
during the time tlew continue to act, but do luit injure 
the propagative capacity so that after their influence 
is removed reproduction goes on once more witliout 
hindrance, are mostly grouped under the name of prtj; 
servatives. In the naturi! of things, moreov(a', a sub- 
stance may be a disiidi^ctant when more Itighly 
(mneentrattid, ami a preservative when in a more dilute 
condition. 

In order to systematize this wide «d)ject, a dist^ic- 
tion is drawn between physical and chemfcal disinfec¬ 
tants. A^y closer definition of the two is suiaflfluous, 
the exiilanation being self-evident. 

I. IIk.vt 

The most powAwful factor of disinfection known is 
heat.* * 
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(rt) Dr)i Heat. 

Tlio existonce of tlu' distjast* is ai)ai)tcd to tlio 
teiniieraturo of its animal haliitat, naim-ly alioiit Ho J-'. 
on th(! surface of _tlu; Imman b(siy and that of warm¬ 
blooded animals, and about ill) 1''. within the body it¬ 
self, the figures being somewhat higher in the ease of 
birds, and 18" to ‘ilJ" lower in cold-blooded animals that 
ii to say, tin? vital processes of tlie germ go on most 
actively at these temiicratiircs. Mow, whereas th 
higher animals ar^ very smisitive to cold, those lowr 
in th: scale do iiot» freeze so reivdily. though even tli 
lowest animals, the i)roto/,oa, will not always surviv 
freezing temperature uneonilitionally. riants, on th 
other hand, have greater powers of resisting cold; fi 
though the higher plants also sufh r from the elfeets ( 
frost, the lowest forms, the monocellular organism! 
appear to be totally uuaffe(.te(l by even extreme d( 
glees of cold. Kven such di!licate forms as the choha 
bacillus will remain alive in ice for months, and are m 
Jrilled by the temperature of liipiid air ( - 1111 t'.). 

Micro-organisms have a minimum, maximum, an 
optimum temperature of development, the values i 
which vary considerably in dilfereiit species. In som 
spei^os of disease germs the minimum temperature lie 
jUBt below the temperature of the laKly. These are th 
organi8ins*which have become so habituated to pan 
sitic dkistence that they are no longer able to surviv 
outside their ho*t (obligate parasites), tor e^am|)le, th 
tubercle bacillus. Other species, such as the baiflili c 
cholera, typhoid and dysentery, are facultatively e 
semi-parasitic, i.e. can also reproduce themselves mil 
side the liody, and are therefore tiot dependent fe 
their existence on a very narrow rangd of tempdlatun 
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the minimum being in such cases about 60° to 68° F. 
like that of the other semi-parasites. At the minimum 
temperature, reproduction is only very slight and barely 
detectable. 

The maximum temperature plays a different part 
with regard to bacteria. When the temperature of an 
otherwise suitable nutrient medium is raised above the 
optimum, the reproductive tendency of the bacteria 
quickly retrogresses. There ensues a warm zone ift 
which reproduction proceeds very sparsely, and this is 
followed by the maximum tcmperatip:e, at which growth 
-ceases altogether. In the case of miut pathogenic germs 
this temperature is between 106” and 122° F., and they 
cannot stand it for more than a comparatively short 
time without Jnjury. At the end of a few hours their 
vitality is so exhausted that they are unable to recover 
The more this maximum temperature is exceeded, thi 
more rapidly do the bacteria perish. At 140° P. patho 
genic germs generally die within an hour, and at 158 
F. they succumb in a lew minutes. Kven the ver; 
few non-pathogenic bacteria able to stand higher tern 
peratures than the disease germs are quickly destroye( 
at and above 158° F. 

Hence nothing would be easier than to sterilize ob¬ 
jects by the aid of heat, were it not that a numlier of 
bacteria are endowed with a peculiar property, dis¬ 
covered by Bobert Koch at an early period*of the bac. 
teriological era, namely that these bacteria,*under 
certain wdri-defined conditions—and •especially whan 
the aAirient medium or the temperature has become 
unsuitable—are able to produce resting forms c^; 
spores. These bodies are highly refractive globules 
which make theii* appearance in the interior of the 
bacterial cell, add survive when the remaiilder of the 



tvtmKt wstUftBci'ioK 


11 


organiBin at length undergoes decoiuixMiitiou, They 
will also remain unchanged fur years when the cundi- 
tiouB of existence are unfavourable: cold, scarcity of 
water or of food ; and offer strong resistance to all forma 
of injury, including,any kind of disinfection. In them¬ 
selves they do not possess any reproductive facnity; 
but, when brought into a favourable environment, they 
will germinate again into the true bacterial form, the 
productive powers of which are unimpaired. In 
contrast to the spore form, the true iKicterial form is 
known as the veget|tive fonu. 

the fundaraentalsdifference between spores and vege. 
tative forms in respect of the fatal influence of heat 
was also identified by Itobert Koch and his colleagues. 

According to their description of the case, the spores 
are not affected in the least by temperatures exceeding 
1212'’ F., but will germinate agaiii in normal fashion on 
being introduced into a nutrient medium. In fact the 
latent vitality of the spore is not destroyed until a tem¬ 
perature is attained at which the entire organic sub. 
|tance begins to char—or turn brown from superficial 
carbonization, as in the case of cotton—namely above 
280° F. An explanatfon for this was subsequently af¬ 
forded by Bubner, namely that white of egg, which, 
whew dissolved, coagulates at 158” F. and is then no 
logger soluble, may be heated in the dry state to 248° F. 
and over Mthout its solubility in water being impaired. 
A* is Shown by their high power of refracting light, 
bacterial spores consist of a highly concentrated pro¬ 
tein; and their behaviour toward heat [woves tlh»n to 
nearly anhydrous in the ripe condition. On the 
q&er ha^, as will be seen later on, they also behave 
moist heat in a manner wnalogons to dried 
l^hite of e^^, namely are readily destrdjred. 
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Tho condition of affairn in therefore as follows; vege¬ 
tative forms are easily killed by temperatures of 168° 
to 212' K., resting forms only at temperatures above 
2K0' k'. This latter temix-ratme, however, is so high 
that V(‘rv lew articles in general use can be exposed 
to it without injury. It would rapidly evaporate all 
liquids, and even water of crystallization or hygroscopic- 
ally combined moisture, thus producing extreme desic¬ 
cation of the articles in which they arc clmtained; aiV 
all organic matter, vegetable or animal fibres, would be 
charred, etc, ^ 

Hence the only articles which oan ne subjected to a 
temperature high enough to destroy the spores as well 
are those which are already dry and capable of with¬ 
standing heat, Sterilization by heat is extensively 
employed in practice, evmi the heating of metallic in¬ 
struments, needles, scalpels, etc., in a flame constituting 
a kind of heat sterilization. Since the tenqK'rature of 
any flame is far higher than that needed to destroy 
spores, the germs with w'hich the llaiiu' comes in con¬ 
tact are annihilated at once, fit so far as the articlp 
is heated above tfu? said recpiisite temperature, reliable 
sterilization is attained, and sinc<? the heat supply from 
a flame is exceedingly large, only a short time is needed 
in any case to sterilize even the interior of large hollow 
articles. 

It will also be clearly evident that when«articlea are 
burned, as is universally pri'scrihed in the regAlatious 
for the disinfection of mattress straw, rags and other 
worDlftess (dijects, the disease germs also will be de- 
droyed. 

In addition to this somewhat rough and ready 
method, dry heat Is also used in specially constructed 
forms’of aimavaliis. such ,as are chiefly used "in bacterio- 
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logical laboratories. Tluwo appliaoccK for dry steriliza¬ 
tion consist of jacketed boxes, the interior of which is 
intended for the reception of glass dishes, tubes, {xirce- 
lain utensils an^ heavy metallic instruments. The air 
in the jacket spacg*; is heated by means of powerful 
Bunsen burners or other source of heat; and in this 
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.^VK, Korforated gaspiiws. Z, <i»s cogk. H, Articles t« l>u 
dUmfected. S,dF'lue for the hot gsses issuing from the jacket space. 

way the Vails of the box are raised to a higli«^empera- 
ture (Fig. 1). Whereas, under the practical conMon 
hitherto discussed, the physical side of the application 
Vd heat plays a merely subordinate part, the manner in 
which the heat reaelfcs to and penetrates into the 
articles to be disinfected in these apparatus is a matter 
of some importance. In dry sterilization the whofe of 
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tho inner walls of the apparatus'form the source of 
heat, They are usually made of dark-coloured metal, 
In order to accelerate the heating of tho disinfecting 
chamber, since dark surfaces transmij; a somewl^t 
large proportion of their heat by*yadiation. In this 
manner the surfaces facing the walls are very quickly 
heated, the articles being then heated through by con¬ 
duction, both from the walls to the surface of the 
articles and between and through the* articles the%i- 
selves. The collaboration of heat conduction, which is 
a relatively slow method of transmission, would unduly 
prolong the time required tor disinfection were it not 
that the internal dimensions of the apparatus are so 
chosen that, even with low conductivity, the internal 
space is certain to become heated above the desired 
limit of tenSperature within twenty to thirty minutes. 

Latterly attention has again been directed to the 
question of the |xissibility of obtaining reliable and 
protective disinfection by the use of hot air at a tem¬ 
perature tielow the boiling point of water. The first to 
carry on experiments in this direction was Schumbur/;, 
who found that military clothjng and equipment—es¬ 
pecially leather-frimmed riding breeches, knapsacks, 

etc_could be reliably disinfected without injury in a 

hot-air chamber at about '212" F. and with a Mlative 
humidity of about ntt per cent. For disinfectingb^ks 
Ballner proposed to employ a temi>erator^ of 203° F,, 
a relativahumidity of 40 to 00 per cent and an Exposure 
of fo)ir to six hours; but Mosebach ifud Findel obtained 
Buwessful results with a still lower temperatotre, via. 
105°-17S° F. The apparatus required (or spcb duiai' 
(ective treatment is very simple; and may consiat of a 
sheet-ii'on vessef carefully heated from the ontaide, 
though it is better to use a box of the kftad employed 
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for dry BteriliziDg, the jacket space being, however, 
filled with water, because this alters in temperature less 
quickly than air. In order to avoid the necessity for 
eontinuous observation the heating is regulated by an 
automatic device (jee p. 37). The desired degree of 
humidity is obtained by placing a larger or smaller 
water tray in the bottom of the apparatus. 

^It is clear, ab initio, that spores can never be killed 
by this means,* though it has been reliably proved that 
all vegetative forms are destroyed. As will be evident 
frorj the foregoing* the treatment relates solely to 
articles of use. K#eept in rare instances, the only 
sporogenic bacteria that are pathologic in man are an¬ 
thrax and tetanus bacilli. Of the other disease germs, 
two in particular present great difficulty in the matter 
of disinfection : the tubercle bacillus and staphylo¬ 
coccus. The first named, a slender rod and the cause 
of tuberculosis, has a compact epidermis, which contains 
a fatty or waxy substance. This atfords the bacillus 
extensive protection against desiccation and various 
cbemical agents, though the power of resisting heat is 
not much greater than jp other bacteria, the wax-like 
mass apparently melting between 00’ and 70" C. The 
staphylococcus, which is the cause of pus in wounds, 
blood ;^isohing and puerperal fever, is a small globular 
bac^enum, the individuals forming aggregations similar 
to bunches of grapes. There are numerous races and 
stocks 3f ■ staphylococcus—including non-p^thogenic 
kuids-^iffering cdnsiderably in their power of ^th- 
p: ^tnding external influences, some of them being almost 
to many kinds of spores in this resiject. Though, 
sdientific investigations, it is necessary to ascertain 
^W’^istiug properties of each stock o!f sfophylocoocus, 
^ to assume, in general, that* the 
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)stii|iliyliiciiLii all! among tho most highly resistant of 
disease genus attacking the human snhject. 

Hoth these liaetorial species can he etfectunlly de¬ 
stroyed hy exjsisure to a temperature of 73" to HO' C. 
for several minutes; and this treatpient will also kill 
all other vegetative lornis. The i|uestion now arises 
ns to the articles that can best he triaited hy this liieaiis. 

Till! sporogeiiie germs: tetanus and anthr.ix, trans¬ 
mit iiileetion through skin Wounds. * ('oiiseiinenttv, 
such articles of clothing—shoes, riding hreeehes, gloves, 
fur caps, etc. -whieh come, or mii^lil come, into direct 
contact with the skin, l-amiot he »iiliahiy disinfected at 
73 to HO (k, since this treatment does not destroy the 
sjaa’i's. 'I'he danger threatened hy these spores should 
not he held in such light esteem as is usually tho ease; 
and experience shows that liirs are often infested with 
the sjKires of anthrax,-and that tetanus sjHires are not 
infreipieiitly detected in hoots. I’or outer garments, 
on the other hand, this nietluKl of disinfection is more 
suitahle; and it would ho most advantageous in the 
case of Isioks, were it not for a practical ohstacle. 

ft is true that hooks also may come in contact with 
the skin, when taken Into the hands ; hii't never in such 
a way as to cause a wound by pressure or ruhbing, 
Coiiseijiiently, the risk of infection hy the'sixwogenic 
germs in iiuestion is reduced to a rninimuin, On^the 
other hand, hiniks are feared as transmitters of diseases 
whieh s^jfoad through the air, and esficcially Ifr means 
of ^nospheric dust; scarlet fever, Sneasles, smallpox, 
tuberculosis, diphtheria, whooping-cough and influenza. 
At present the germs of the three first-named complaintST 
are still unidentified, but it is<'ca)rtam that, like the 
other disease ^'erms, they do not produce resting forms 
of tfie spore type. Consequently, all th^e germs are 
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inevitably killed by a temperature of 75' to 80" C., pro¬ 
vided they are actually exposed to such tem))erature for 
a certain time, not less than half an hour. 

The last proviso is not superfluous, the jdiysical con¬ 
ditions playing an. important ]Hui in this connexion. 
Hooks are infecte<f not merely on the outside, hut inside 
as well; and in order to make sure that they are regally 
disinfected, one must he able to rely on the necessary 
temperature liaving prevailed in all parts. 

The manner in which the hooks get warmed right 
through is as follo^^s: The internal spaces of the hot- 
air*chamber (1 k>x) Jiaving been filled with the hooks, 
the jacket space is heated, and the heat passes from 
the inner walls to the books themselves, by radiation 
and conduction. The darker the colour of the surfaces, 
the more im)S)rtant the ])art played hy radiation: but 
this merely transmits the heat to the surfaces nearest 
the source of heat. Conduction takes place through 
the intervening stratum of air to the nearest surface, 
and since air is a had conductor of heat, the amount 
oondneted dejx^nds entirely on the thickness of that 
stratum. The closer the Iwoks are to the wall, tin; 
more quickly will that* side which faces the wall l)e- 
como hcatid. fn these circumstances the surfaces 
farthiKt away from the walls remain cool at first. 

^euce a technical advantage is secured hy taking 
measures t(» ensure that all the surfaces are bathed 
with hot air, and thus heated uniformly; sii;^co in such 
case the heat penetrates into the interior of*the_ book 
from both sides at once, and the book is wtEHned 
through twice as quickly. This object .can be achieved 
by placing the ho^s,«ingly or in small bundles, in a 
cupboard through which an adequate Supply of properly 
heated air i^passed. 
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It may be objected that the rate at which the warm¬ 
ing through in effected makes no practical difference; 
but it does. Thus, if a heating cliamber measuring 20 
inches each way inside be packed full of books, it will 
take quite forty-eight hours to warm th(! lot right 
through, the transmission of heat tfirough the mass of 
books procewling at an exceedingly slow rate because 
effected solely by conduction. This method of trans¬ 
mission, already slow in itself, is rendered still more qp 
by the material of which the Ixwks are composed, 
namely vegetable (and partly also lyiimal) fibres, which 
transmit heat only aliout ,,,' 0,1 as/ast as iron or 
as fast as sdver. The air is a still poorer conductor 
than the fibres, and the more [sirous the texture of the 
books, the greater the relativ<^ ditticiilty in warming 
them through. 

According to l'’indor, the presence of fiO per cent of 
humidity (produced by trays of water) in the disinfect¬ 
ing chaml)cr, is more favourable to the operation than 
a lower degree of humidity. The reason for this has 
not yet been elucidated, and it must be left an open 
question whether the ^nore favourable results are not 
due to some other cause. * 

Although the tlnwetical and practical basis for the 
prophylactic disinfection of Isxrks, leather gooda, etc., 
has now been established in the manner described, ^his 
method of disinfection has not yet succeeded in gaining 
any adhej^ents in practice. The reason foi> this is 
th# comfiaratively long time required for disinfection, 
amounting to twenty-four to forty-eight hours for even 
small apparatus, and the considerable quantity of heftt-s 
ing power needed in consequense. Added to this are 
the not inconsiddrable technical difficulties fn the supply 
of hlat to the larger apparatus, such as would lie needed 
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for large libraries and other institutions in which books, 
leather, and furs are used. 

(ft) Moist Heat {Steam). 

1^. Ordinary Steam. 

Disinfecting by steam heat is a very convenient 
niethcxi of procedure. At the ordinary atmospheric 
pressure, the temperature of steam that has not Iwen 
tjifluenced in any way is 100° C.; and all that is neces¬ 
sary to heat an article of moderate size to that tem¬ 
perature is to place^it in the steam zone of a pan which 
can 1)6 easily covert up in the usual way and in which 
water is maintained in a (instant state of ebullition. 
This is the principle of the old Koch steamer (Fig. 2), 
the only special feature of which, apart from its liigh 
shape, is that it is covered with felt to prevent loss 
of heat. 

The use of steam, however, possesses certain special 
and very important advantages. In his original work, 
Robert Koch already showed that bacterial spores he¬ 
aved very differently in presence of steam—or, as he 
termed it, “ moist heat"—than towards dry heat. Most 
spores, and among them those of tetanus and anthrax, 
are killed by steam at 100° C. in a few minutes, either 
by th* material of the spores swelling up in the satn- 
rafod steam, or merely by the fact that, under these 
conditions, the rapid drying which takes place in dry 
heat is vetarded. This case also is analogous to the 
behaviour of dried- albumin, which is coagulat^ by 
direct contact with steam, and is thus rendered msol- 
hble. It is true that many spores—and chief among 
them the potato baciNi found in the soil—cannot be 
killed by a brief exposure to steam, but require trest- 
ithant several hours. These are quife exceptidlially 
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resistant s[K)i'es, which require to be dealt with another 
way. 

It may be interpolated here that the so-called frac¬ 
tional process of sterilisation is re- 
quired for sterilising nutrient media 
I'oi’ hactoriological purjx>se8—a pro- 
y , cess which, of course, may also be 

i 1 employed in sterilizing foodstuffs. 



Fill. 2. - Kooli's 
Mtvainor. 


The v(>ssels containing the nutriel^t 
media or fixxl are placed for a ((uarter 
to half an honr^in the steamer, this 
treatment kilhng the vegetative 
forms, hut leaving the resistant 
si)ores intact. 'I'he vessels are then 
left for twenty-four hours at r(K)m 
ti'm|)eratnre, to giv(^ the sporc.s an 
<j|)|xirtimity of germinating into 
vegetative forms. This done, the 
viwsels ar(^ |)Ut into the steamer a 


second time, which kills the new vegetative growth. 
As a rule, this will complete the sterilization, though 
generally the steaming is repeah'd once more after 
another intt'rval of ttventy-fourliours, to provide against 
th(! contingency of any resting forms liaving survived 
th<! previous treatment. 

The biological advantages of steam uismtectiop— 
namely the powerful destructive action dliathe spores— 
is accomi^nied by others of a physical character, con¬ 
sisting iilainty in the comparatively aliort time required 
forflie disinfection. Directly the water reaches boil¬ 
ing point, steam is given off in large quantities, and^ 
wanns all the articles in the steam zone through very 
quickly, provided the same are permeable to steam. 

Al:eording fo Kubner, a distinction can be drawn 
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between impervious, porous aiul semi-isirous kxlies. 
Now, steam can only penetrate wliere open pores (i.e. 
interstitial air spaces) exist. The class of porous sub¬ 
stances indulges all textile fabrics: silk, wool, cotton, 
linen, jute, hemp jbut not leather), or other ^oods nnwle 
of fibres, strijis, or hair. These are in general easily 
lienetrable by steam; but they may resist iienetration 
when their pores are not open. This is the case when 
(Jie air spaceii’are restricted by the gixsls being pressed 
into large bales, or when those spac(« are obstructed 
by drops of water., The practical consequence is that 
one cannot expect large bales of goisls to be disinfected 
right through to the centre by steam. As a matter of 
fact, even after prolonged steaming, the temperature in 
the middle of the baliw is only raised very slightly, and 
therefore no germs there are killed. Hence, only 
articles that are dry (in the ordinary sense) should be 
subjected to steam disinfection, and the deiiosition of 
steam on the surface of the articles must be prevented. 
This prevention is secured by warming iqi the contents 
(jt the steaming chamber beforehand by dry beat, since, 
at the most, only small quantities of steam can con¬ 
dense on warm surfaces. 

The manner in which the steam penetrates into the air 
space* is also important. In the first (dace it should 
be^.mentioned that steam at 1(10 C. is only alxiut 
one-half th#weight of air at ‘20 C. (Oft' F.) and only 
two-thifds that of air at 100" 0. Oonsequwitly, when 
steam is introduced into a closed chamber, il risA to 
the top and collects above the air in all cases. Il the 
cover were ja-ovided with an exhaust pipe, the steam 
would escape througlf it, as being the gas in nearest 
proximity. In order to expel tfle^air from the 
chamber, tfie exhaust pi^ie must be situated in the 
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bottom of th<j latter, in which event the air tvill be 
driven out by the overlying steam. It is therefore ad¬ 
visable to admit the steam into the top of the sterilizer, 
as it does not, in that ca.se, mix with the air so much 
as if it had to tluw through the latter, this mixing with 
the air having, as' will bo seen later, an adverse in¬ 
fluence on the cflicicncy of the process. The provision 
of an outlet for the air, in the bottom of the apparatus, 
is ei|ually essential, since otherwi.se only a small quaflr 
tity of steam can he admitted into the apparatus, 
any furlher amount either escaping through leaks, or 
else damming hack the siqiply hy the pressure set up. 
In such event the gaseous contents of the apparatus 
will he chiefly comjioacd of air. 

The steam penetrates into the jsires of the articles in 
the same way ak it enters the total space, namely from 
above, a fact that can he easily demonstrated. In this 
case also the driving force is, of course, the difference 
in the speeilie gravity of steam and air. On the other 
hand, it is again essential that the air should be able 
to escape downwaiils ; for if this he impossible, owing 
to tho*pore8 being choked or constricted, no steam can 
enter them. 

The {lenetration of steam into the {Hires is facilitated 
by the circumstance that most materials are hygro¬ 
scopic (i.c. alisorb moisture). Deposition of water also 
invariably (wcurs in the pores, because al «fir8t the 'in¬ 
terstitial solaces are not as hut as the steams This 
wat^, however, is at once re-ovap(»ated by the on- 
coraTng steam. 'I'he condensation—even though slight 
-—in the (Mires, always caused a reduction in pressure,^ 
which favours the (lenetration of Steam—a circumstance 
which may helji fo account for the rapidity with which 
{Mirons articles are penneated by steam. 
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In any case, steam disinfection is a quick pn>cess, 
the air being expelled from the apparatus and pores iu 
a few minutes when the apparatus is properly con¬ 
structed. The rate at which this is effected depends 
on the quantity of,8team admitted [Htr uuit of space in 
unit time. A large apparatus naturally re(iaires more 
steam. In the ease of large articles with complicated 
internal spaces—articles of clothing and bedding—the 
expulsion of the air is retarded to some extent; but il 
may be taken for granted that unless the steam has 
thoroughly penetrated within half an hour, it will not 
do*8o at all owing one or other of the causes men¬ 
tioned above. 

Such cases do occur in practice, the bundles ,of goods 
under treatment being too large, or damp, or excessive 
surface condensation having occurred in the apparatus 
from some cause or other. It is therefore easy to 
understand the desire for possessing some means of 
ascertaining whether the interior of the articles under 
treatment has been effectually disinfected. Wherever 
the steam comes into action a temi^rature of lOO" C. 
*miist necessarily prevail, whereas the psirts untouched 
by the steam are only* slightly warmed (owing to the 
slow conduction). If one can be certain that the 
steaqa temperature has actually been attained in the 
portions most difficult of access, it will be equally cer¬ 
tain that the bacteria have been destroyed. In order 
to cheek the temperature, various proposal]) have been 
advanced; but omiy two have found pi'octical afiphcation. 
The first of these consists of a small cylindrical lessel, 
partially filled (to about i) with a substance of known 
melting point—pheaandrene, with a melting point of 
98^ Ci being us^ in the case of saturated steam, and 
pynxAtechin (in.p. 105" C.) for high-pftissure steam. 
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The mass naturally solidifies in the bottom of the 
* cylindrical vessel which, for the purpose of checking 
the temjKjraturo, is placed vertically (but upside down) 
in the centre of the material under treatment. If, at 
the close of the disinfecting process, the moss is found 
to have run down to the bottom of the cylinder, its 
melting point has evidently been exceeded in the centre 
of the material, and therefore the latter has been hot 
imough for the purpose in view. • \ 

Unfortunately, this simple method is attended with 
the drawback that the repeated meltjngs alter the melt¬ 
ing point of the mass to such an ^sxtent that it sdon 
becomes unreliable as a thermometer. For this reason, 
the alternative and more reliable method is now fre- 
ipiently used. This consists in embedding a maximum 
thennometer in "the middle of the articles under treat¬ 
ment, the temperatute attained being either read olf 
direct, or, better still, by the aid of a signalling de¬ 
vice, consisting of an electric bell thermometer, the con¬ 
tact of which is set to operate at 100 (’. (or any other 
desired temperaturel. The wires are led externally to 
a bell and are connected with a battery. When the*^ 
steam penetrates to* the thenhometer, the mercury 
column rises and, on reaching 100 U., touches the 
contact, the circuit being thus completod and th% l)ell 
rung, All that is then necessary, therefore, is to wjit 
a sufficient time for tlu! destruction of thc'’spores. ' 
This lue^ixl of disinfecting with ordinary sttain at 
100'«(.!,, liAsed on the principles enunciated above, has 
attaiilPd considerable practical imiKirtance, owing to its 
rapidity, effectiveness and harmlessness for most arti¬ 
cles of use, bandages, liedding, ulokliing, coverlets, etc,, 
being chiefly sterilfeed in this manner. On the other 
hand it cannot He ustid for leather, furs, delicate fabrics. 
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fine colmu-s, ladies' hats, sized and other snweptihlo 
materials. Apparatus of all sizes ean he met with in 
use, two p.itterns boiiij; worthy of special mention as 
the most popular and tyjiical. One of tlimn, a small 
apparatus, is suitahje for sterilizing handaees, operating 
overalls, etc., aiul*consists of a, eenorally cylindrical, 
jacketed box, fitted with a cover. 

The materials to be disinfected are piltsl up loosely 


Fic. 3.—.A|i|)ttni(*s for Stami Disinfoetion. 

A, Boiler. B, Disiiifeothix fhamlier. C, lUck for iirlielos 
to be dwinfected. I), Fondoiwer. 

• 

in the internal space, which is provided undi'rneath 
with an exhaust jiipe. The lower )«irt of the jacket 
space is^filled with water, ami when this is heated, the 
resulting steam aseeiids throuob the jackid spiliM, ligat¬ 
ing the inner walls and thereby the whole o^tlu! 

Vihamber (warming up stage). 

This steam then anters the chamber through per¬ 
forations in the top of the inner waN, and drives the 
air downward. 
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The second pattern (Figs. 3, 41 and 6) is for disin¬ 
fection on the large scale in hospitals and disinfecting 
stations, The disinfection chamber is generally large 
enough to accommodate a whole bed. It is built in a 
partition wall and is provided with, two* openings into 
two different rooms, o!ie for the dir\y articles and the 
other for their reception after disinfection. Tha 
articles arc taken out of the chamber into this second 
room by a different attendant from the* one who pojs 


Fic, 4. -A| 4 >ArHtUH for DiHiiifectioii (cloi4otl). 

them into the chamber. This arrangement as intended 
to prevent re-infection of the disinfected articles. , In 
addition to the e.xhaust pipe, thcbottombbthecham'ber 
is provided with radiators, which can be heated to 
lOtt’ C. by steam, for the purpose ot wanning up the 
chalfiber and its contents, and also for drying the damp 
articles when air is admitted to the chamber after ths|, 
operation is completed. The steam, which can be sup¬ 
plied from any lA>iler, quite as well as from a speoM 
gendtator, is uSed for dry heating in the radiators, and is 
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admitted into the top of the chamber for disiiifectinK. 
When properly worked, these, apparatus act t|uilo satis¬ 
factorily. 

The propertjes of water vaixiiir an; duo to its temper- 



• SteftD) (tcncriitor. 

a, Di8mfeoA}a chaniher. />. 8teAni generator. <*, Feed tank. 
iit Air baM^er. r, Steam ii^ctor for evacuating ^le chamlier. 
Mercury safety gunge, /, TheniHimetor. ^ ^ 

atiire and humidity. This explains both its advances 
■and drawbacks, not only in the case of ordinary water 
vapour, given off at tb#normal atmospheric pressure, bat 
OUo in the case of all kinds of artiliciallf generated steam. 
A distinction must b<t drawn between pure ifteam 
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and Huch as is admixed with air, the first named again 
being divided into ordinary, high-pressure, superheated 
and attenuated (sub-iiorinal pressure) steam. The de¬ 
cisive advantage of the steaming process^is undoubtedly 
its power of destroying spores; nnd»Ju this respect the 
different kinds of steam iniist be companjd. 

2 . Impure Steam. 

Tlie tem|)eratme of tin; steam is not fcsluced to auy 
great extent by its contamination with air, the latter 
(itself already warmed) mixing so jntirnatedy with^the 
steam that it sewn attains the sani*' temperature. On 
the otlu^r hand, the presence, of this :iir lowers the 
humidity of the mixture, since the steam only brings 
with it sullielent moisture to saturate the space it (jccu- 
pies itself. This assumption also corres[K)nds with 
Uubner's obsi^rvation • that wlnm steam contains H-f 
p<!r cent of air the tinu! rc(juireil to kill the s()oros of 
anthrax is prolonged froin om^ to threi' minutes, 
whereas with 20 per c(mt of air tlu^ spores are not de¬ 
stroyed at th(! end of three hours. This proves thi)^ 
whilst the presence of up to 10 jhm' cent of air in the 
steam (mnsiderably \veakens its disinfectant action, it 
still remains effective; but that, on the other hand, a 
higher j>oreentage of air renders the steam ihopetative. 
One still occasionally conus across ajiparatus in whjeh 
the steam is liberated over an extensive siftfacc at the 
bottom, and in ascending—frequently retarded* by the 
piled up Jrticles under treatment—is tbliged to become 
mix^fl with a large proportion of air. In such cases a 
careful examination would always reveal the inefficiency 4 
of the pnx'eas. In the case of •modern typos of ap¬ 
paratus, in whici* the steam is admitted from above, 
this defect is precluded. 
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3. Superheated Steam. 

When steam is allowetl to flow tlirouj'li or over a 
leated pipe, it lx!comes suiiorlieateii, tiiat is to say, its 
;emperature is* raised, its proportion of moisture, liow- 
jver, remainin'' imc'haneed. However, since a lart'or 
amuher of particles of water are needed to produce 
iaturation at tlie liiglicr temperature, this heating desatu- 
ri^tes thesteaujand thus deprives it of an effective! weaixm 
If attack on the life of bacterial spores. In this condition 
;t can merely act as a dry gas; and every ex))criment 
shoAVs that superhAteed steam has oidy just the same 
Jisinfecting power .os air at tlu! same temp(!rature, i.e. 
it does not Ixigin to destroy spores until iibove 14() '(’. 
284 h'.). Hence, for [iractical j)ur[)oses, superheated 
Ueam is out of the running, since it oilers no advantages 
iver the more easily prcjiared hot air. 

4. Steam under Pressure. 

The conditions are difl'ereut with tlu! steam produced 
when water is boilwl nndor a pressuis! e.xceeding that 
the atmosphere. Whereas at mean atmospheric 
pressure (70(1 mm. mtreury gauge), water boils at 
100° C., the Ixiiling jx)int increases with the pressure, 
«) thi^when the latter reaches two atmospheres (20 Jib. 
per^square inch), the water does not begin to boil below 
121" C., and with a pressure of three atmospheres, at 
i;)5° C» .\n increased (or diminished) pressufc can only 
be set up in a h^a-metically closed vessel, siitee oliter- 
wise the normal atraospheriepressure would be autonHitic- 
ally restored. Such increased or diminished pressure 
can be obtained in s«ch a closed vessel by forcing in 
(or drawing out) air into (or from) thfe space above the 
water by means of an air pump. The n^st convenient 
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my, howovcr, (jf iuureauiug the pressure is by allowing 
;h(! disciiigaged steam to accumulate, all that is neces- 
<ary being to heat the boiler and see that it is properly 
dosed. As soon as the killing [loint of water (at first 
100 ’ C.) is reached, steam is generated *in large quan¬ 
tities, and when this steam is prevented from escaping 
it is bound to become compresseil in projxirtion as th^ 
amount of water converted into steam by the heat of the 
kiiler increases. I’liis compression of the steam increasigs 
the steam pressure, which in turn raises the boiling 
point of the water and therefore the temperature of the 
steam itself. 'J’ho question whetlnir the water beco'mes 
progressively heated alxive the constantly increasing boil¬ 
ing )viint will depend on the way the boiler is fired. If 
a very hot fire is maintained the pressure might rise to 
such a degree as to burst the boiler were it not that all 
such lioilers are obliged to be fitted with a safety valve, 
and must also be tested for tlieir strength. 

'I'he two properties, saturation and temperature, also 
come in question for the disinfecting action of steam 
underpressure. This steam, being saturated, is there¬ 
fore not inferior to ordinary steam in this respect; anS, 
lieing hotter than the last nifmed, mttst therefore be 
superior to it on the whole. The hotter the steam, the 
greater its [Kiwer of killing sjiores. For example, the 
spores of the most highly resistant hay or potato 
bacilli, which are not destroyed by steam*at 100° C. in 
an hour, are killed by steam at a pressure ofi two at- 
morpheitis (temperature 1'21' C.).in about twenty 
miifhtes, and in a still shorter time when the steam 
pressure is higher. 

A large number of miHlern aii|)aratus for disinfecting 
and sterilming itre an'anged on this principle, though 
mostly for working at onij 105' to 110° C., which 



PBtaiCAt. WStNFlSCTION 


31 


correspond to pressures of 3 to 7-^ lb. per mpmre inch. 
Borne apparatus, however, the so-called autoclaves (Fig. 
6), are constructed to work at steam 
pressures up to three atmospheres. 

They are generallx arranged on the 
lines of the steamers already de¬ 
scribed (p. 2.5), that is to say, with 
a jacket space for generating the 
sjeam; but they must meet the con¬ 
ditions exacted of boilers coustructwl 
to work at the coi^esponding pres- 
sur8, namely pass ^liicial tests and 
be fitted with safety valves. It must 
be clearly remembered that the same 
remarks apply to all these steamers 
as to the ordinary forms, namely that 
provision must be made for the escape 
of air from the interior, if the action 
is to be effective, that is to say, the 
vessel must not be hermetically sealed 
until the steam begins to issue from 
ttie bottom, thus denoting that all the 
air has been expelled. * 


Kn». t5 -Autftchvo. 

B,Cctver. 
I), Win); nutM for 
cbming the veHMel 
liermoticaliy. C* 
Sot Hci'ew for ml- 
justiug to the 
dcHired maximum 
pr.tHsuro with the 
aid of a Hjmcial 
|K>inter on tho 
^iige dial. K* 
Fre«ture g^uge. 
F, pipe. H, 
.Safety valve. U 
A' J, PreMiure 
g>iuge tube. 


Low*temperature Steam. 

Vntil recently^ this class of steam 
was of mei%iy theoretical interest; 
bat, in*combination with chemical 
dbinfectants, it has latterly attained considej*ab)c*im- 
portance. (For this combination see p. 89.) ^ 

» There is only one way to obtain saturated low-tern- 
peratore steam, nam^y by lowering the pressure over 
the, water to be evaporated. As irfcreased pressure 
raises the boiling point of water, so reduced piQOssure 
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lowers it. On high mountains, where the atmospheric 
pressure is below the normal, water no longer requires 
luaiting to 100 to cause it to Isiil, ebullition taking 
place at a lower temi«ratnre. If one halt the air in a 
hermetically closed boiler h(^ (wacjiateS by pumping, 
saturated steam at 00' (1. can be generated by the ap- 
plicatiou of heat. In such case, however, the liberated 
steam will re|)lac() tlic^ evacuated air, and soon bring 
tbe pressure up to the normal again, and the lx)ilii5g- 
point and steam tom|ieratnr(^ will rise to 100' C., and 
<‘ven higher in a hermetically closed vessel. Conse¬ 
quently, to continue W(uking at»diminisbed pres\sure 
for any length of time, it is necessary to keep the air 
pump running continuously and drawing oil’ the steam 
as generated. The method of living the boiler must 
also be barmoiuxed with tbe working of tbe air pump, 
their action being nyitiially opfsised, 'J'he heat gener¬ 
ates steam and thus tends t<i e(|ualize the pressure, 
whilst the pump endeavours to reduce the pressure still 
lower; and eonsi'quontly the.se two opjKising forces 
must be brought into equilibrium. 

In order to obtain some idea of the relation laitween 
the Isiiling jjoint of water and* the natural or artificial 
increase or decrease in pressure, the following extract 
from th(‘ tables compiled in this connection ^s now 
given (see opjiosite). , 

With rt^gard to the elliciency of steam“»nder reduced 
pressure as a disinfectant, Rubner's iuvestigatwus have 
shwvn that saturated steam at a temperature a few 
dogtivs below 100' C. has almost the .same efifect on 
spores as steam at 100’ C. lletween 90 and 9.5° C,. 
this action diminishes apprecial% and at about 80° C. 
the steam eutin^y loses its jx>wer of destroying spores. 
Htedni under fliese conditions has the same effect on vege- 
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;ative forms as hot air at correspoiidiiif' temperatures— 
Dut this point does not come into consideration at present. 
[Jonsequently no effective disinfection can be produced l)y 
ow-temperature steam if the temperature is reduced to 
my considerable extent. 

Varied as are the applications of steam disinfection 
i^the case of porous articles, it is unsuitable in many 
lases. In the first pla^, it must be applied in some 
brm of apparatus, so that, in general, articles of very 
arge size cannot be treated ; and secondly, its high tem- 
jeratuR—\thich is essential to success—is not always 
'reeirom the risk of injuring the articles treated. 

Leather, fdT instance, in particular, will not stand 
ligh temperatures. Some kinds of leather shrink up even 
tt 140° F. (65° C.)*to about one-third their origfnal mze 
md become stifliy elastic, for instance the tanned slflns 
if wild animals, usually employed for making gloves. 
Ither kinds of leathef are also damped by slightly 
ligher temperatures, so that boots, glovM and other 
eather goods borne out of the steam disinfecting appa- 
3 
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. ratus in a completely shrunken condition and unfit for 
further use. The same remarks, as will be readily 
evident, also apply to furs. 

Fine fabrics are also destroyed by /teaming; and 
many dyes that will not properly (Stand washing are 
dissolved, even fast-washing colours being extracted. 
Sized articles lose their stiffness ; documents are warped 
and the ink caused to “ run " ; books suffer damage in 
several respects, the leather bindings ‘shrinking, ^e 
size being extracted, the leaves warped and the letter- 
press faded, and for the most pajt they fall to pieces 
after the operation of steaming. £lood stains on linen 
and clothing are burnt in so effectually as to be no 
longer cradicable. It should also be mentioned that 
flowers and leaves are completely destroyed by steam¬ 
ing, as it has occasionally been proposed to disinfect 
wreaths or the like by this means. 

It is of no little importance that the effects of steam 
at lioiling-point, and also at slightly higher and lower 
temperatures, should bo known, since this knowledge 
will enable considerable losses to be avoided in practiw. 

(b) Hot Liquide. ‘ 

After what has been stated with regard to steam, 
the disinfecting action of these liquids will eksily be 
comprehended. 

I. Water. 

iTo begin with the means most frequently employed 
inidaily life, namely hot water, its efiSciency may be 
briefly described by the statement that it has exactly 
the same disinfecting power ae steam, the same pre¬ 
liminary conditions—same temperature and complete 
hufiiidity—being present. This identity of action ■ 
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not restricted to water boiling at ordinary atmospheric 
pressure (212° F.)t but extends also to all conditions 
whether induced by natural or artihcial means. When 
water is boile^ under high pressure, as in the Papin 
ligester, its disinfecting properties are intensihed in 
precisely the same way as those of the resulting steam; 
tnd when boiled under diminished pressure, at high al¬ 
titudes, the effect of the hot water is reduced like that 
}(*steam. * 

Under normal conditions, i.e. a barometric pressure 
af 760 mm., the vegetative forms of bacteria are killed 
slm&st instantly, and most spores perish in a few 
minutes. In any event the chief sporogenic organisms 
that are pathogenic to the human subject (the bacilli of 
anthrax and tetanus) can be counted upon with cer¬ 
tainty to be killed in two to three minutes, as a general 
thing, or at latest in (itteen minutes. Consequently the 
prescription of boiling for half an hour, in practical 
work, will certainly be ample to ensure complete dis¬ 
infection. 

Boiling water is chiefly used in practical disinfection, 
for sterilizing instruraente and ordinary body linen, for 
two reasons: in the first place, the apparatus required 
is simple, any ordinary tub being sufficient, since the 
water expels all the air out of the pores from below, 
and jiot, like steam, entering the articles from above; 
secondly, because the boiling water wets the articles 
right ttough, dissolving and washing out all dirt and 
other contaminating substances. * • 

The vessels used for sterilizing surgical instrumdhts 
|te metriy boiling pans adapted to the special require¬ 
ments of the instrumeats under treatment; that is to 
say, they ate of elongated shape (Ffg. 7), like fish 
kettiee, in order to accommodate long ins&uments, and 
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usually narrow, so as to economize space, water, and 
therefore heating material. A small quantity of car¬ 
bonate of soda is usu¬ 
ally addgd. to the water, 
but. merely for the 

purpose of preventing 
metal parts from rust* 
ing. 

Jloilirtg water is algo 
employed for sterilizing 
foodstuffs. For this 

purpose, however, the water do<!s»not e.xert any direct 
germicide action, but serves merely as the source of 
heat, the actual disinteetioii being effected by the 

liquids contained in the foodstuffs themselves, which 

liquids are heat'ed to the temperature of the boiling 
water. The method-is a wry convenient one, since 
it guarantees the attainment of a well-defined and in¬ 
variable temperature, viz. ijl‘2’ F. The best known 
example of this method is that of Soxlilet for steriliz¬ 
ing milk, the full bottles of milk being placed in boiling 
water, where the milk is quickly raised to nearly ‘21*2”1 f. 
and treed almost entirely from germs.' 

Other foodstuffs can be rendered free from germs in 
the same way. The method is very usofuhfor protect¬ 
ing the contents of vessels from subsequent contamina¬ 
tion and for preventing the germinatirti of residual 
spores. • 

^hele remarks will show clearly«how far the use of 
hof water, below 21‘2 ' F. is advisable for disinfection. 

/ 

' The only spores reiiiainiw alive ill the milk are those of highly 
resistant hay and ^tato baeilli, and frequently those of a butyric 
baoillus, which germinate between 60’’ and 96° F, (16°-37° C.) and 
are capable of spoiling the milk. 



FiO. 7.—Apimratiis for Sterilizing 
luHti'imieiita. 
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For the destruction of the vegetative forms, a tempera¬ 
ture of 158’ F. (70’ C.) is sufficient, and in some cases 
less, with an exposure of about fifteen minutes. In 
order to destri^ spores, however, the heat in any case 
must attain or exerted 203“ F. (05’ C.). 

The simplest way of maintaining water at these 
temperatures is by regulating the source of heat, for 
which purpose an automatic thermorogulator can be 
employed when gas is used. 

This tbermoregulator consists of a tubular vessel, 
half^ filled with merwiry, and having a narrow tube in¬ 
serted into it from tRo toj). This narrow tube is open 
at the lower end and can be lowered to any desired 
depth. The gas flows through a connection into the 
outer tulx! above the mercury, but can only escape to 
the burner through the open lower end of the inner 
tube, the regulator being hermetically closed in every 
other part. The regulator is placed in the water, and 
as the temiierature of the latter increases, the mercury 
expands and rises in the outer tube. When the de- 
sifed temperature is attained, the inner tube is adjusted 
80 that its open lower epd nearly touches the surface 
of the mercury, whereupon any further rise in the tem¬ 
perature of the water will cause the mercury to ascend 
and 3h%t off the gas supply, .so that no further applica¬ 
tion* of heat takes place until the water has cooled 
down again Ind the mercury has sunk far enough to 
re-admit* the gas to the burner. This play ^is soon 
reduced to such nalrow limits that the temperatui? of 
the water becomes practically constant. This is, briefly, 
^he principle of the thermoregulator. In the usual 
forms, certain slight tdchnical iraprovgments are pro¬ 
vided, such as a slotted opening at the bottom ot^the 
inner tube, m that , the gas supply may Ijc shut off 
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gradually and the adjustment to a given temperature 
facilitated. 

Theoretically, at least, it seems feasible to control 
the temperature of the water by lowerigg the pressure 
and thus ensuring a lower boiling-ppint which cannot 
of course be exceeded so long as the partial vacuum is 
maintained. This arrangement would have the ad« 
vantage that, os tlie result of ebullition, the liquids 
would become uniformly heated all through in a veiy 
short time. Another advantage, and by no means the 
smallest from the practical standpoint, is that the vege¬ 
tative forms of bacteria are destroyed more rapidly in 
a boiling liquid than in a quiescent liquid of the same 
temperature. The reason for this difference is stilt 
obscure, and would take up too much space to be gone 
into here. In tbe case of water boiling under ordinary 
|>ressure, at 212" F., Such difference cannot be detected, 
the destruction of the vegetative forms taking place too 
quickly to permit the time required being measured; 
and since there is no difficulty in killing the vegetative 
forms, no one would ever think of resorting to such, a 
clumsy and difficult device ps employing a 
vacuum. 

3 . Pasteurization. 

In addition to boiling water, water that has^jeeifheated 
to any other temperature may be used as*the sourCe of 
heat for disinfecting substances containing inoisture, 
es^ciaUy foodstuffs. Such a method is largely used 
in^e homo and in factories for sterilizing preserves in 
tins or glasses, in the case of foodstuffs which cannot 
stand heating to 212° F. 

This method js most frequently used for milk, and 
is generally known as pasteurization, after^ouis Pasteur 
who invented it for improving the keeping properties 
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of milk and beer. It is tnie that the term is not re¬ 
stricted to the ttse of a water-bath at a temperature 
below 212° F. for the treatment of milk, but is gener¬ 
ally applied to^warming the liquid up to between 140“ 
and 203° F., for the purpose of sterilization. In most 
cases, however, the water-bath is used as being the 
simplest means of producing a constant temperature. 

As compared with “scalding" milk, the objwt of 
p^ikteurization’is to prevent the changes set up in milk 
by boiling, and especially the appearance of the “ boiled 
taste,” and the formation of the skin consisting of co¬ 
agulated lactalbumia. These changes occur at the co¬ 
agulation temperature of albumin, 150° to 158° F., 
and therefore any method in which these changes are 
to be prevented, must work at a lower temperature. 
The question is now, what is pasteurization to effect? 
From the consumer’s standpoint, the elimination of 
disease germs is the prime consideration. In this con¬ 
nection, experiment has shown that milk must be ex¬ 
posed to a temperature of 153° F. for half an hour in 
o^er that the disease germs present therein may be 
killed with certainty. These germs are mainly those 
of tuberculosis and o^ the diseases localized in the 
digestive tract: typhus, dysentery, and ptomaine poison¬ 
ing. 4111 other germs contained in milk are either 
moi^e easily destroyed by heat, or else are harmless to 
the human Subject. Any staphylococci, spores of an¬ 
thrax Of tetanus, that may be accidentally present do 
not act through the digestive tract; and it is also prob¬ 
able that the diarrhoea so frequently observed ii» in- 
'/ants during the summer time is not due to the action of 
bacteria which have survived the pasteurization process, 
but to some other cause. * 

Increasing the keeping properties of milk is a mitter 
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that chiefly concerns milk dealers, the main point being 
to keep the milk from turning sour. This tendency 
is produced by a lactic bacterium, which is easily killed 
by warmth; and therefore turning sou^ which is the 
preliminary to curdling, can be retarded by a short 
process of pasteurization, which enaliles this important 
foodstuff to be kept for some time in an apparentljs 
undecomposed state. This stability, however, is only 
apparent, since the putrefactive spores, including thoi^ 
of the hay and potato bacilli, which are not killed by 
pasteurization, germinate as soon {js the conditions of 
temperature are at all favourable •(about 59” F.),’ re- 
pnxlucing very rapidly and soon setting up putrefaction 
in the milk, the first indication of this condition being 
the development of an irritant flavour. The drawback 
from the purchaser's point of view is that he can no 
longer detect incipient putrefaction by the appearance 
of curdling, since the cause of this preliminary stage 
has been destroyed by pasteurization. 

To make milk really stable by pasteurization it must 
either be strongly cooled at once after warming, and 
then kept at a temperature (ice box) which does not 
permit the germination of the spores; of else the heat¬ 
ing must be repeated t-wice at intervals of twenty-four 
hours to give the spores time to gonninate iir thecuean- 
while (fractional sterilization). A rapid method of 
pasteurizing, in which the milk is heated^ to 203“ F. 
for a short time, is also occasionally used; but <t is not 
cleat whkt advantages are obtained in comparison with 
scalding, since the milk both skins over and develops 
the “ boiled ” taste. Moreover, in all methods where,* 
heat is employed, the butter fat collects on the surface, 
and apparatus^ often of a cumbrous character, is neces¬ 
sary *in order to restore the normal emulsion. 
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3 . 011 and Paraffin. 

Of all the liquids employed in a heated condition for 
purposes of disinfection, those exerting a chemical action 
must be left oijt of consideration here. Among the re¬ 
mainder, only those of high boiling-jxiint are suitable, 
since it will be evident that success in the destruction 
«t spores can only bo attained—in the case, of anhy¬ 
drous media—when a temperature of over ‘284'’ ]•'. can 

applied. Raths of oil and paralhn have found ap¬ 
plication in practice, their boiling-jxiints being high 
enough to enable oi)^ to obtain temperatures up to 322° 
F. Of course they*can only be nsjd for articles that 
are free from water, since otherwise the water present 
would bo violently converted into steam and ruin the 
articles. Materials unable to stand tlie groat heat and 
direct contact with oil or paraffin cannot be subjected 
to this method of treatment. This excludes practically 
everything except metallic instruments, for which, in¬ 
deed, the method—at least that employing oil—is ex¬ 
cellently adapted for rapid disinfection. It is largely 
qped for sterilizing the cannula; of injecting syringes in 
polyclinical establishmejts where there is no time for 
boiling the instruments. In boiling oil, the whole of 
the germs are destroyed in a few seconds, so that a very 
efifecti'fe artd extremely rapid disinfection takes place. 
Thei only drawback of the method is the liberation of 
malodorous ifhd acrid vapours, whose chief constituent, 
acrolein,*is the cause of the smell of an extinguished 
candle. 

II. Light and Otheh Rays. 

Sunlight constituted a disinfecting agent which is 
undoubtedly of extreme activity in Nature. Innumer¬ 
able bacteria'and protozoa are destroyeif evei-y da^^ by 



42 


DI8INPE0TI0N 


diffused, as well as direct, sunlight. This effect is due, 
not to the desiccating influence of the sun’s rays—action 
of heat—but to that of the vibratory light rays. 

It is well known that white sunlight is composed of 
a number of different kinds of light, whic^ differ among 
themselves by tbeir wave length and are exhibited in¬ 
dividually to the eye in the colours of the rainbow^ 
There is, however, in sunlight, another kind of light 
which is invisible to the human eye, but is capable 
acting on a scnsitixcsl photographic plate, namely the 
so-called ultra-violet rays, which hav^ the shortest wave¬ 
length of any, and are freciuently known as the actinic 
rays. These rays are the chief germicide agents in 
light. 

As a rule, only the superficially located bacteria are 
encountered by light rays; but these bacteria are also 
exposed in most cases-to desiccation, and it is therefore 
difficult to decide what proportion of the success at¬ 
tained is due to either cause. If, however, desiccation 
be prevented by suitable means, it is found that spores 
are not affected by light rays at all, and that vegetative 
forms are influenced in different ways. For per¬ 
formance of this experiment it’s necessary to allow the 
light to impinge directly on the bacteria, whilst a closed 
vessel must be employed to prevent desiccation. • Now 
a glass vessel prevents the transmission of the principal 
active components of the light, namely t& ultra-violet 
rays; but plates of quartz, on the other hand,^e per- 
. meafcle to these rays. In water, too, the light rays 
cannot act to any depth, the ultra-violet rays being 
absorbed in the upper strata of the liquid. Neverthe-,* 
less, provided the water is perfectly clear, the action of 
light goes on to% depth of mm. below the arnface 
of tfle water, though in rapidly diminishing proportion. 
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Moreover, experience shoWe that, in Natnre, bacteria 
reproduce only in dark places; and the hygienic pro¬ 
perties of tight and air have been recognized for ages. 
Sunlight has Jieen employed, and not unsuccessfully, 
for therapeutic purposes, especially in the treatment of 
anperhciat disease processes, lupus and the like; though 
sit is doubtful whether the stimulation of the tissues 
does not contribute to the curative effwt in greater 
proportion than the germicide action. Still greater suc¬ 
cess has been obtained by the Finsen light treatment; 
but even in this cage it has not been proved that the 
action is one of sterilization. 

The ^ntgen rays seem to have practically no effect 
on bacteria; and it is only in rare instances that they 
have been found to retard the growth of cultures. In 
any event, the curative results obtained in the case of 
superfrcial infectious processes must be ascribed to some 
other cause than sterilization. 

The emanations from radium greatly retard the de¬ 
velopment of bacteria; and an exposure extending over 
^veral days will even kill the spores of anthrax bacillus. 
However, since this bt^tericidal action is confined to 
the readily absorbed rays, the effect does not penetrate 
far, and therefore the employment of radium offers no 
advadtagek over that of sunlight. 

• 

in. Electric Currents and Mechanical 
• Influences. 

The other physical agencies suitable for applicAtion 
in the destruction of bacteria can only be briefly Iben- 
''tioned here, their practical importance being nil. The 
electric current—^th continuous ai^ alternating—is 
sud to have.a slight retarding effect on developyient, 
bnt not sufficient to kill bacteria when the;Mixiiiary in- 
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Qucnces, heat, electrolysis and the production of ozone, 
are disregarded. Increased pressure again has but 
little effect on the growth of bacteria, these being still 
able to germinate in ordinary sir when Jhe pressure is 
raised to 800 to 1000 atmospheres. On the other 
hand, in the case of certain gases other than the ordin¬ 
ary atmosphere, increased pressure has a decided effeeb 
on bacteria. Apart from the adverse influence on 
growth exerted by gases like carbon dioxide or hydrogen 
on aerobic (air-loving) bacteria, some of the germs are 
destroyed in these circumstances, .since they will no 
loiiger germinate when subsequently exposed to favour¬ 
able conditions, dysentery, and coli bacilli for 

example are killed by twenty-four hours’ exposure to 
carbon dioxide under a pressure of one and a half to two 
atmosplioros. (Tn the other hand, hydrogen is power¬ 
less to injure in the slightest degree the most delicate 
germs, such as those of cholera, even with an exposure 
of twenty-four hours under a pressure of seventy-five 
atmospheres. In an atmosphere of oxygen, cholera 
bacilli jierish in twenty-four hours under a pressure of hajf 
an atmosphere ; tyiduis bacilli at thirty-five atmospheres, 
and coli bacilli at seventy-five atmospheres. It is thus 
apparent that the increase of pressure does not act per 
se, but only in consequence of the resulting increased 
chemical action (oxidation) on the snbs|ance of 'the 
Iracteria. The method proposed by Berghaus for im¬ 
proving the keeping properties of milk by the iflition of 
carb«n dioxide under heavy pressure lias not found any 
praotical application. 

Whilst, experimentally, vigorous mechanical agita-,: 
tion is found to arrest bacterial gtowth, gentle agitation 
has a stimulatmg* influence; but all these observations 
possdfes nothing more than a certain theoreficai interest. 




CHAPTER HI. 

.CHEMICAL DISINFECTION. 

Chemical disinfection implies iwisoiiinf? the {{erms of 
disease. The poisons uctint; upon hacteria and pro¬ 
tozoa penetrate through the envelope of the organism 
and destroy its life in conseqiumce of their sjweific toxic 
action which consists in effecting a change of condition 
(coagulation) of the protein, or exerting some other in¬ 
fluence on vitally important substances. These poisons 
act solely in the liiiuid condition, even when employed 
in the solid or gaseous form; and it is only such por¬ 
tions as are in solution, either in the immediate en¬ 
vironment of the bacteria or within the Ixidies of the 
letter themselves, that can be credited with disinfect¬ 
ant action. . 

Since the corpus of the micro-organism is a cell, 
analogous in many respects to the corporeal cells of 
higher organisms, it will be evident at once that chem- 
icaU disinfectants are capable of producing poisonous 
effects on thb higher organisms as well. It is true that 
these tiftcic effects on coriioreal cells differ, often very 
considerably, fronf the disinfecting action, si&ce each 
cell has its own specific chemical affinities. Thu^ for 
ynstance, serious corporeal [xiiaons, such as strychnine, 
atropine, etc., have nofcthe slightest effect on bacteria, 
whereas hydrogen peroxide kills bacterial cells very 
quickly, but’ leaves corporeal cells almost unaffected. 

(45) 



46 


DIBINPBOTIOH ■ 


The physiological action of the various Jisinfecting 
agents is a matter that is immaterial from the stand¬ 
point of disinfection. We shall rest content with as¬ 
certaining the effect of t)ie chemical ^eatment, and 
draw up regulations fur practical application accord¬ 
ingly. It is naturally impossible to test the action of 
every disinfectant on all species, races, and stocks o£ 
bacteria; but it is sufficient to make definite typical 
tests, in the presumption that the disitffecting action 
on all other disease germs can be deduced therefrom. 
This standpoint is quite justified, fqf in treating a large 
series of micro-organisms with vaiious disinfectants it 
is found that certain well-defined species are killed in 
a relatively short time, and others in a relativ*ely longer 
time, by all disinfecting agents. Some species, there¬ 
fore, are very seilsitive to disinfectants, others compara¬ 
tively so, and others again have a high power of 
resistance. It is true that accurate investigation will 
reveal occasional specific powers of resistance towards 
certain disinfectants—such instances standing out prom¬ 
inently from the general run; but no practical im¬ 
portance attaches to such cases as yet. Certain bacteria, 
the resistance of whfeh toward the usual disinfectants 
has been the subject of numerous investigations, afford 
a means of testing the action of a disinfecting >agent; 
but, as already mentioned, it is always essential, in 
precise investigations, to make a comparison by means 
of a known method of uniform action. When a more 
powerfa^ disinfection, involving the killing of spores, is 
in question, steam at 212° F. is preferably taken as a 
standard. This effect can be accurately determined, 
owing to the constancy of the temperature, rapidity of 
penetration of the article under treatment, and accuracy 
of ^ing the test. The apparatus devised 1>y OhlmflUar 
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tor this purpose consists of a glass flask, in which steam 
is generated, surmounted by a T-tube, into one end of 
which is inserted a thermometer, whilst a stopper at¬ 
tached to a qjiamber for holding the articles under 
treatment, and fitted 
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with an exhaust pipe 
for the steam, is pushed 
into the other end 
(^ig. 8). • 

For less drastic dis¬ 
infection, it is usua^to 
employ as the standard 
of comparison a disin- 
fectant o! known and 

constant action, C.g. F-. 8.-OhUn»ller Spore Tester, 
carbolic acid, this affording the advantage that the 


I. 


A- 


standard can be modified by dilution. 

There, is no uniform method for testing a disinfect¬ 
ant, the operation being usually performed in scientific 
laboratories, and the details left to the choice of the 
operator. However, in order to afford an approximate 
idea we will quote the conditions of the first experi¬ 
ments given by Koch in his work published in 1881. 
A suspension was prepared from a culture of anthrax 
bacilluB several days old, and consisting almost entirely 
of ripe spores, thin silk threads, 1 to 2 cm. long, being 
dipped into Ibis suspension until thoroughly saturated, 
and thdh dried. These test specimens, carrying nu¬ 
merous anthrax spores in the dried state, vilfere gfirst 
tested for their power of resistance, by steaming tisem 
•jit 212° F., some of them being expos^ thereto forhalf 
a minute, others for oae minute, etc., and then trans¬ 
ferred to a nutrient medium. Assuming that the test 
specimens steamed for two minutes still germinatSd to 
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.coloaius, whereaiS those exposed for two and a half min¬ 
utes remained sterile, the resistance of all the test speci¬ 
mens of the same race would be two minutes; and the 
test specimens could be employed for testing the action 
of disinfectants. In this manner, however, spores 
alone could be treated ; and iu order to test vegetative 
growths, which will not stand desiccation, the.se must 
either be suspended in the disinfecting liquid direct, or 
else caused to adhere on linen rags in* a semi-mowt 
state. Such, broa<lly, arc the methods of preparing the 
test specimens, though, in practices, numerous modifica¬ 
tions have to be adopted. ♦ 

With regard to the testing of chemical disinfectants, 
it must bo premised that an erroneous idea may be 
formed iu many cases unless the disinfecting liipud has 
been thoroughly eliminated from the test specimens 
before transferring these latter to the nutrient medium. 
Without exception all chemical disinfectants have the 
property that even in a very dilute condition they 
retanl the growth of bacteria, without killing the latter 
entirely. If, however, the traces of disinfectant ajs- 
companying the test specimens ^nto the nutrient medium 
be afterwards eliminated, the micro-organisms still sur¬ 
viving will be able to germinate. 

Apart from the question of concentration* th» action 
of a disinfectant dejiends, biologically, on Jhe resistance 
of the micro-organisms and on the teinjlbrature; and 
physically, on the capacity of the articles uhder ex¬ 
amination to absorb moisture. Tlfh concentration of 
thsFdisinfectant stands iu direct relation to its action, 
within certain limits, but if the concentration be veiyr 
high, the action is only sligHtly increased, whilst 
conversely, extreme dilution weakens the effect but 
slowly—though this is not always true, tile effect alter- 
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ing rapidly, op or down, when the concentration is 
modified. The resisting power of the micro-organisms 
has already been discussed; and so far as the tempera- 
tore is concerned, its influence is based on the physio¬ 
logical vital processes of the micro-organisms. An 
organism which is cooled below its optimum temperatiure, 
Ipradually passes into a state of coma, in which the 
processes of nutrition and reproduction are almost or 
entirely suspended, according to the degree of cooling 
given. In this condition the bacterial cell has a corre¬ 
spondingly low tendency to undergo chemical changes, 
and the disinfecting‘effect diminishes in intensity. On 
the other Jiand, the cell is far more open to chemical 
attack at its optimum temperature, at which all the 
vital processes, and therefore also the chemical reac¬ 
tions, go on best; whilst, as the temperature is raised 
above this point, the tendency of the cell to decompose 
increases and it falls an easier prey to the destructive 
action of poison. Hence the action of disinfectants is 
facih’tated by every rise in temperature. The physical 
d^endence on the hygroscopic capacity is self-evident. 
For instance, the spores <of mould fungi will float on the 
surface of any disinfectant liquid, because they cannot 
be wetted by water unless they have been previously 
treated*wit6 alcohol. 

The number of chemical disinfectants is extremely 
large, and nearly every group of chemical substances 
inelndes Wmbers capable of injuring micro-orgpnisms. 
In practice, however, only a relatively small numbef of 
chemicals come under consideration, it being necesAry 
ta eicelude all that act only in a high state of concentra¬ 
tion, as well as those winch unduly corrqde the materials 
to ^ disinfected, or yrtiich are too expensive. To^e- 
Mtibe; pf even mentibfi, all the vamns cheipical disin- 
4 



50 DISINFECJION 

tectants would take up too much space; and • it is, 
moreover, (juito sufficient to treat of the most import¬ 
ant members of each group. 

I. IjIqiud Uisinfect^nts*. 

• 

The only {wssiblc way of classifying chemical disin- 
fei’-tants is to adopt the same grouping as is employed 
in chemical science. These groups will^be given seri- 
iitim, without going into their chemical properties; and, 
in aildition, a few disinfectants from different groups will 
be classified togetlu;r in accordanae with their me.thod 
ef action. 

{a) Native Metals. 

Although native metals are only very slightly soluble 
in water—the amounts being imperceptible even with 
very refined nujtbads of o.xamination — nevertheless, 
certain of them are endowed with the power of destroy¬ 
ing animat and vegetable cells. If fragments of certain ' 
metals be intrmhiced into cultures of bacteria in nutri¬ 
ent media, there will bo formed around each fragment 
of the metal a more or less wide zone in which no 
bacterial growth can proceed, this zone remaining sterile 
even after the metal has been removed. Hence the 
effect must be ascribed to dissolved particleanof the 
metal. When this passing into solution is facilitated 
by any means, for instance by establisning electrical 
conduction with another metal of opposite -electrical 
aolivity, the disinfectant action is considerably increased. 
In*addition to this (normal) poisonous action of metals, 
another method of action has been observed, whi(?h 
possesses a hi^h scientific inffbrest, and will perhaps 
attain practipal importance at some future time. This 
acfion, which was first discovered by C. von Nageli, 
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differs essentially from simple toxicity, since the symp¬ 
toms of approaching dissolution exhibited by the algae 
examined by that worker differ from those appearing 
when any oWier method of destruction is employed. 
This so-called ol^odynamic effect occurs in cases of 
extreme dilution, for example, when a ))iece of coirper 
‘the size of a farthing is left for a few minutes in a 
quart of witter containing vegetable cells. Similar 
Action is exerted by metallic salts, such as corrosive 
sublimate, in a state of e.xtreme dilution (1:1,000,000). 
Another point whi^h distinguishes this from ordinary 
toxic action is its great susceptibility to external in- 
fluences.aany addition of common salt, organic matter, 
or even the presence of a large nuir.lsT of vegetable 
cells, |)reventing it completely. 

In the csisc of jiathogenic germs, experiments on this 
point have furnished the following results: — 

nesting forms are not affected at all by the oligo¬ 
dynamic action of metals; though vegetative forms arc 
killed in one to three hours if fragments of active metal 
he immersed for a short time in the jmre water used 
for the suspension. The most powerful metals in this 
respect are copper and its alloys (brass), next in order 
coming zinc and iron, whilst lead and nickel do not 
produce the slightest effect. American workers fac- 
cordfing to Kfamer^ have proposed to disinfect filtered 
drinking water by immersing copper plates; and since 
only the easily destroyed vegetative forms of diacteria 
are here in question, and the extremely minute quan¬ 
tities of copper passing into solution do not appear 
Capable of having any Jioxio effect on the human 8ul> 
ject, the suggestion is worthy of attention. 

The ordinary toxic action of metals—Which, accerd- 
ing to Thiele and Wolff, is confined to copper, mercury, 
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and silver, all the other metals examined (magneainm, 
aluminium, iron, zinc, lead, selenium, palladium, pla¬ 
tinum and gold) being quite inert—is, however, also 
capable of practical application. Experiments with 
intestinal germs in the environment cX. men and animals 
have shown that such bacteria are to be found on all 
objects with which the hands arc liable to come in‘ 
contact, except su .h as are made of copper or bra^. 
Therefore, since it has been demonstrated that infec» 
tious diseases are frequently communicated through the 
hands, the exclusive use of a potvorfully antiseptic 
metal, such as copper or brass, for making all handles, 
door latches, stair balusters, etc., is a bygieniff precau¬ 
tion which can bo relied on to be successful in the pre¬ 
vention of infectjous diseases. 

(6) Aeiils and Alkalis. 

Since the nutrition and reproduction of micro-organ¬ 
isms are dependent on certain chemical reactions, vary¬ 
ing lietween somewhat narrow limits, all strong acids 
and alkalis adversely affect the vital processes. This 
effect of increased acidity or alkalinity js, however, far 
surpassed by the specific, antiseptic power possessed by 
many acids and alkalis, especially those of an inorganic 
character, by reason of the active atoms they contain. 

Among the acids, hydrochloric acid jp partictilar, 
then oxalic acid, and also sulphuric and nitric acids, 
will kill all germs in a very short-time, whereas the 
antiseptic properties of other acids, such as acetic and 
citric acids, are only slight. Their highly destructive 
action on most objects, howeve^^ stands in the way of 
their employment in practice, and consequently ttie 
cheapest of %he strong acids—hydrochloric acid and 
^nlphoric acid—ore rarely used. The em^oyment of 
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acetic add or citric acid for disinfecting drinking water 
anapected of infection by the germs of cholera, typhus, 
or dysentery may have to be considered occasionally in 
uncultivated districts, but is attended with the draw¬ 
back that it take^ at least one to two hours. Broadly 
speaking, the action of alkalis is less powerful. Caustic 
potash is the strongest, carbonate of scda being a very 
poor agent, and anunonia almost entirely devoid of 
^tion. In practice, the strong alkalis will only oc¬ 
casionally come under consideration for use as disinfec¬ 
tants, since they,corrode most articles that require 
trdktment. An exception is aff <rded in the case of 
slaked lime, which is extensively used in practical dis- 
infectioif. Milk of lime is prepared hy treating burned 
lime with about its own weight of water, which causes 
it to crumble down to a dry powder, which can then be 
dissolved in a fonrl'old quantity of water. The first 
stage of the process is accompanied by a consider¬ 
able disengagement of heat. The resulting milky fluid, 
which is renowned for its caustic action, contains 20 
per cent of calcium hydroxide, and is diluted, os re¬ 
quired, for use. Faecal matter is disinfected by mixing 
with an excess of a 2 to^O percent solution and leaving 
it to stand foran hour. The diluted liquid is also used 
for disinfecting sewage liquor, as a wash for infected 
walls and utensils ; and one may be quite certain that, 
provided a large excess of the caustic lime be used, the 
cboleraf typhus, and dysentery germs in question will 
be completely destroyed in less than an hour. * , 

Among the weaker alkalis, the alkaline soaps sbonld 
Jtie mentioned. These really serve merely for dissolving 
and removing the superficial layers of the epithelium 
together with the adherent germs—ihechanical disin- 
^tion—bufr in addition the soaps at tlic same time 
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possess slight germicide properties, which are snificient 
to destroy the majority of vegetative forms. 

(c) Metallic Halts, 

The group of metallic salts is of cohsiderable import¬ 
ance, and comprises the most p«)werful disinfectants 
known. The chief representatives of this group are 
the compounds of mercury and those of silver. 

Corrosive suhlimate (mercury dichloride, HgCI.^) de-* 
stroys th(! vegetative forms of bacteria in a few min¬ 
utes, even when diluted down to 1 p^rt in 10,000; and 
the spores of bacteria possessing niedrum powers d 
resistance, such as anthrax spores, are killed within 
two hours by a 1:1000 solution. A similar action is 
exerted by silver iiitrat(! (lunar caustic, AgNO^). How¬ 
ever, like many other disinfectants, all metallic salts 
depend greatly on tin? other snbstaiices present in the 
solution, and also on tlu! soivcmt, because their disin¬ 
fectant power is inlluenced by their degree of electro¬ 
lytic dissociation. For this reason they act much less 
powerfully in an alcoholic solution, and not at all in a 
fatty or oily medium. • The dis.shciation is also modified 
by additions of other reagents. For instance, the dis¬ 
sociation of mercury dichloride is lessened Jiy s^ium 
chloride—both of them containing chlorine atoms—■ 
whereas the power of the originally mucht^veaker 8*alt, 
mercury oxycyanate, can he so far increased,by the 
addition ef sodium chloride as to appvixiinate closely to 
that*of sublimate. Tlie oxycyanate, as also another 
preparation of meremy, sublaiuine (mercury ethylene- 
diamine sulphate) which has analpgons properties, were 
therefore iutrodueed into practice some years ago as 
substitutes (af sublimate, owing to theis lower cor- 
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rosive action, though they have never Rucceeded in 
ousting it completely. Even at the preRcnt day, all 
three retain their spheres of UBefnlness, and are ap¬ 
preciated for ^vashing doors, windows, flooring, etc., 
on account of th(sr lack of Kiuell. They have never 
been adopted for metallic artich*, lieing precluded hy 
their corrosive action, although it was formerly claimed 
that the two substitute pr(!parations did not eornxie 
m^tal. On the other hand, they have almost gone out 
of use for disinfecting the performer or the subject of 
an operation, in wjjich sphere they predominated for 
neaHy twenty years.* Although it has long been known 
that mercury compounds are almost inactive in presence 
of protein—which occurs in all coriioreal elements—and 
that they also roughen and emek the epidermis, so that 
it became increasingly difficult to disinfect the hands of 
the surgeon, mercury preparations have even been in¬ 
troduced into the disinfection reci])es of the midwife 
and doctor's assistant. This is the more to he re¬ 
gretted in view of the facts that, on the one hand, the 
action of mercury salts for disinfecting the hands is 
imperfect, for the reasons already given, and that, on 
the other hand, the highly ixiisonoua properties of the 
pastilles may lead to considerable danger through care- 
lessne* orsll intention. One or two suhlimato jiastilles 
will* destroy human life, producing symptoms of acute 
iptestinal inilanuuation and cramp, or chronic renal in¬ 
flammation and intestinal ulcers. 

Notwithstanding their powerful disinfectdnt jiro- 
perties, the silver salts have not mode headwa|( in 
•practice, their chief representative, silver nitrate, being 
liable to decompose in*contact with air, whilst they are 
too expensive for general use. ThI salts of gold, 
copper, and Iron are far less effectual than those fhen- 
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tioned before, and therefore do not come under con¬ 
sideration for practical purposes. 

(d) Phenols. 

t 

This generic term includes all the chemicals allied 
to true phenol (carbolic acid), whicli form a very im¬ 
portant group of disinfectants. Carbolic acid haa 
gained its prominent position in practical disinfection 
through its very stable chemical constitution, and from 
the fact that the few compounds it is capable of forming 
are equally powerful as disinfectmits. Although its 
action is not so strung as that of'sublimate, it scbres 
by the circumstance that it remains uninfluenced by 
the presence of .salts, acids, alkalis, and hven pro¬ 
tein. Alcohol alone has an adverse effect on the action 
of carbolic acid; and in fact so much so that solutions 
in absolute alcohol ate completely inert. Carbolic acid, 
which is soluble to the extent of 7 per cent in water, 
kills vegetative forms in a few minutes at room tem¬ 
perature, though even when used in its most concen¬ 
trated form it takes several hours to destroy the 
vitality of spores, even the pure acid having no greater 
effect in this respect. On the other hand, its action 
can be increased in a very important degree by raising 
the temperature; so that spores can be killed in<five to 
twenty hours with a .H to 5 per cent solu^on of carbolic 
acid at 86° to 104° F. This acid is unauitdble for disiq- 
fecting the hands, or the seat of an operation, dwing to 
its ppwdtfni corrosive action and paralysing effect on the 
dermal nerves. Its toxic action consists in the forma¬ 
tion of a whitish scurf (with the attendant conse^ 
quences) and also, mainly, an acute form of int^tinal 
inflammation, rehal inflammation, loss of oonsoiousnenj 
twitching of tite muscles, etc. For inanimate obie(^ it 
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is nther expensive, and is mostly replaced by its ana¬ 
logues, the cresuls and their compounds. Tlie three 
oresols, meta-, para- and orthocresol, are in themselves 
too sparingly ^soluble (0-5, 1-8 and i-!i pet cent re- 
B|)ectively) to exert any powerlul disinfectant action; 
but their solubility can be largely increased by the ad¬ 
dition of strong acids or of alkaline soaps, which raise 
them to the category of the strongest disinfectants. 
Tljie compound of crude cresol with sulphuric acid— 
commercially known as “ Sanatol ” or “Antomors”—and 
other compounds (%g. bocillol) of the same class, are 
powerful, but are aMended with the drawback of being 
poisonous and of destroying colours, varnishes, etc., in 
consequeifce of the large amount of acid they contain. 
Far greater popularity is enjoyed by the cresols which 
have been dissociated by means of soap solutions, 
namely “Creolin” and “Lysol,” which are very much 
alike. The last named especially—which furnishes clear 
solutions in pure water- -is very widely used, dissolving 
very readily and having a lubricating effect on the skin 
without making it insensitive. Its disinfectant power is 
superior to that of carliolic acid, even in a 1 to 2 per cent 
solution, and consequently this preparation has retained 
a prominent position for many purposes, for example 
for disinfeoting catheters in gyniecological practice. 
Unfortunately, it has also acquired considerable (lopu- 
Ivity among ^ould-be suicides. The toxic symptoms 
resembl# those of carbolic acid poisoning. 


(e) Alcohols. 

The alcohols—of witieh methyl, ethyl, and pn^yl 
aloohols come under consideration bere-^are still the 
snbjeot of scientific discussion so far as then disintec- 
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tant properties are concerned. That they are endowed 
with a by no means small power of disinfection is 
indubitable, but the scientific experiments performed 
in this connection have furnished wideiy different re¬ 
sults in point of detail. On the whole it has been 
ascertained that solutions above 10 [lercent in strength 
kill all vegetative forms; and that this action in* 
creases in power up to solutions of 40 to 50 per cent 
strength, beyond which limits it again dtclines. BojJ. 
ing alcoholic mixtures exhibit increased efficiency within 
the same limits, but also fall off considerably in concen¬ 
tration biitween .50 and 100 per tfimt (methyl alcbhol 
above 50 per cent, ethyl alcohol above HO per cent, and 
propyl alcohol above 00 per cent). Hence, the absolute 
alcohols act hiss ))owertully than solutions in equal parts, 
a circumstance; which is attributed to the precipitating 
influence of the; concentrated alcohols on |irotein. The 
idea is that a stratum of coagulated jrrotein is formed 
on the surface of the micro-organisms and prevents the 
penetration of the ak^ohol ■. and, as a matter of fact, the 
disinfecting |K)wer of absolute alcohol can be consider¬ 
ably increased if the formation of the stratum of 
protein be prevented by powerfully agitating the disin¬ 
fecting liquid. This, at least, is the case with test-tube 
experiments. In practical disinfection, absolute^ialcohol 
and the officinal spiritus rectilicatus have enjoyed«con- ’ 
siderable popularity, both alone and in vafious combina¬ 
tions, such as alcoholic solutions of soap, tifleture of < 
iodine, *etc. Nevertheless, alcohol* was formerly em- 
plcwed merely as an intermediate stage in the disin¬ 
fection of the hands, being credited with only a moderate 
power of disinfection in consequence of the experiments 
referred to a^iove. It is only within the Ituit few years 
that treating tlie hands with concentrated alcohol for a 
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few minutes, without any previous washing with soap 
and water, furnishes much better results than the 
older methods of disinfecting in preparation for opera¬ 
tions, for whichj purpose scrulibing witii soa]) and hot 
water, removal of ^t with ether, and washing with 
strong solutions of cfiemical disinfectants (sublimate) for 
twenty to twenty-five minutes, were formerly oniployod. 
The effect of disinfection with alcohol alone has been ox- 
pl^bed by the Observation that absolute alcohol causes 
micro-organisms to adhere so firmly to the skin that 
they cannot be dotacljed even by immersion in water 
for sdveral hours, N« doubt this adhesion is accom¬ 
panied by a certain degree of disinfection, since practi¬ 
cally no bacterial development can be detected when 
the epidermal scales scrajicd off the skin with a knife 
after the use of alcohol are transferred to nutrient 
media. This observation also explains the action of 
alcoholic soap solutions, iisline tincture and other al- 
icoholic combinations, though it should be noted that 
the effect of the alcohol is lessened by the jiresenco of 
so^ and other adjuncts, iodine forming, however, an 
exception. The ordinarj' form in which alcohol is 
used is that of rectified 95 per cent spirit. Satisfac¬ 
tory results can also be obtained with 8(1 to 90 per 
cent spieit denatured with pyridin bases so as to unfit 
^t forjnternal consumption. The employment of al- 
cojjol vapour Will be dealt with later (p. 9‘2). 

(/) Hydrogen Pergxide and other Oxidizing Agents. 

All substances which readily part with oxygen h%ve 
a^ oxidizing effect on organic materials, and therefore 
on micro-organisms. Among the most powerful of these 
substances are the so-called per-compounds, which are 
surcharged with oxygen. Bince they usually act solely 



60 


ftSIOTECTIOir 


by oxidation, they are innocuous to the human organism, 
unless they contain some other poisonous constituent. 
Hydrogen peroxide (HjO^) possesses very powerful bac¬ 
tericidal properties. When diluted to P'0.5 per cent it 
destroys all vegetative forms in a f^ minutes. Spores 
are less readily attacked, but even in respect of these, 
solutions of 1 to 3 per cent strength are quite as effec¬ 
tive as the better-known disinfecting agents, such as 
carbolic acid. The only pure hydrogen peroxid^is 
Merck’s 30 per cent solution (perhydrol) in paraffined 
flasks. This is very expensive; put there is a cheap 
contmercial 3 per cent solution which is treated‘with 
some mineral acid (usually sulphuric acid) to render it 
stable; it has the advantage of not only disinfecting, 
but also cleansing and deodorizing (by the oxidation of 
organic particles), as well as bleaching, on which ac¬ 
count it is beneficially used by hairdressers for cleans¬ 
ing brushes and combs. It may also be applied to ad¬ 
vantage—in a dilute condition, down to 1:10,000— 
for disinfecting drinking water; only one must wait 
for half an hour until the disinfecting action is com¬ 
pleted and the hydrogen peroxide lias decomposed i&to 
water and oxygen. True it is not in itself poisonous, 
but it sometimes has an irritant effect and a somewhat 
disagreeable taste. The latter generally •remAins be¬ 
hind to some extent, in which case it iss due to the' 
mineral acid, the small quantity present being, howev^, 
harmless. Hydrogen peroxide solutions of Ir to 3 per. 
cei)t strength have latterly become very popular as a 
m^uth wash, and, so far as their disinfectant properties 
are concerned, are preferable to most other liquids ,of 
this class. Certain metallic peroxides too possess an 
undoubtedly sifaulm- disinfecting power, uid ace oo- 
oaiionally sold for disinfecting drinking water (e.g, c(^- 
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cilun peroxide, magnesinm peroxide). Their oxidizing 
Ktion is, however, inferior to that of hydrogen per¬ 
oxide, though, in the case of the lime compound, it is 
assisted by the calcium hydroxide formed. Magnesium 
peroxide also fumi^es good results, but its use must 
be deprecated, since it introduces objectionable quan¬ 
tities of magnesium into the drinking water. 

I^otassium permanganate has a powerful disinfecting 
action even on spores, anthrax spores of average powers 
of resistance being killed in fifteen minutes by a 4 per 
cent^solution, and imforty minutes by one of 2 per cent 
strength. Owing td its cheapness this admirable dis¬ 
infectant, ^which is also renowned as a deodorizer, is 
suitable not only for disinfecting inanimate objects, but 
also for treating wounds, corporeal cavities, and, when 
suitably diluted, as a mouth wash. 

There are, in addition, a whole series of per-com- 
pounds, some of which (persulphates and peroxides) are 
very powerful disinfectants, but as these have not yet 
met with any important practical application, they need 
ngt be gone into here. Ozone will be dealt with under 
gaseous disinfectants (q.y.). 

(g) Antiformin. 

A highly interesting and recently discovered disin- 
fectemt is Antiformin. This is the well-known Eau de 
Javelle ^ta&inm hypochlorite) dissolved in an excess 
of caustic potash. Formerly employed only in brew¬ 
eries for cleansing fermentation vessels and be& Ptpcs, 
its disinfectant properties were discovered by Ubie^ut 
Imd Xylander. These properties consist in the faculty 
of dissol^g bacteria iif a few minutes. All pathogenic 
germs, with the exception of the tub^l^ bacillus and 
j^pe anthrax spores, are dissolved in two and a haTf to 



62 


DISINFECTION 


five minutes by a 2 to 5 per cent solution of Antiformin. 
Unripe anthrax spores, i.e. those in twenty-four hom 
cultures on agar-agar, dissolve at the end of seven 
hours, whereas the ripe spores remain undissolved aftei 
twelve hours. The tubercle bacilli and the allied acid 
resisting bacilli, are protected by the already mentioned 
waxy constituent of their envelopes against numerofts 
injurious influences, as also against the action of .^nti- 
foriuin, remaining ca[iable of re])roduclion, thougMn 
an enfeebled state, alter treatment with that agent for 
several hours. On this account, Antiformin is, well 
adapted for the isolation of tubSrcle bacilli from the 
numerous bacteria with which it is always accompanied 
in sputum, with a view to the preparation of pure cul¬ 
tures of the organism. Apart from the two exceptions 
mentioned, Anfiformin constitutes an excellent disinfec¬ 
tant, the usual strength being a .'i per cent solution. 
Its chief advantage is that it is able to dissolve (not 
coagulate) prot(dn and mucus present in liquids; and 
it is theroforo primarily adapted for the disinfection of 
dejecta in cases where the annihilation of tubercle baqjlli 
is not regarded as essential. , 

There are numerous other substances exhibiting a 
certain power of dissolving bacteria, for example sodium 
taurocholate, but these are of no practical'impbrtance., 

(h) Chlorine, Bromine and loSine. 

These three halogens form an interesting, if not' 
vesy highly imiKirtant, group of disinfectants. Chlorine 
anS bromine, which are gaseous at the ordinary tem¬ 
perature, and give off a very penetrating smell, beloi^ 
mainly to the ^ries of gaseons^disinfectants ; but their 
so^tions miwt be dealt with now in connection with 
iomne. (^hlorine is the most powerful disinfectant 
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'’nown, a 0-01 per cent solution being able to destroy 
the must obstinate sj^wres in a few seconds. Bromine 
is only slightly inferior to chlorine; but both have an 
extremely destructive effect on all organic matter. 
Clothing and body linen, for instance, fall to pieces 
sfter vei'y short treatment, all colours are destroyed, 
ind both elements arc extremely poisonous to man. 
Hence neither chlorine nor bromine solutions are used 
iljja pure statb, though the action of the “ Bleaching 
powder” (or “ chloride of lime") freiiuently used for 
disinfecting closets, js based on the liberation of free 
chlo'^ine. This powder, which consists of calcium 
chloride and calcium hypochlorite, when acted upon by 
an acid—?ven the small (juantities of carbonic acid pre¬ 
sent in the air-—rieoomijoses with formation of hypo- 
chlorous acid, which in turn gives off free chlorine. 

Iodine, which attacks organic matter less |)owcrfuIly, 
and is almost non-poisonous, is also inferior in disin¬ 
fecting power, though lor practical purposes it is effec¬ 
tive enough. In the form of iodine tincture, it is now 
largely employed for disinfecting the skin previous to 
operation, and for sterilizing catgut, though the action 
of the iodine is probably e.xcceded by that of the al¬ 
cohol. Iodine dissolved in potassium iodide has also 
been nacd for the same purpose, though with less effect. 
Thesdeep brown stain is also a drawback. The action 
o{ free iodine*is also the basis of the surgical applica¬ 
tion of iMofonn, from which iodine is liberated by the 
action of corporeal ferments since this iodine aldne pos¬ 
sesses bactericidal properties, iodoform per m bein^ in¬ 
operative. It is on this account that the known activity 
of iodoform is equalledaby only few of the numerous 
medicaments which have been propos^ as substitutes 
fot this malodorous substance—in fact only by sueff as 
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also contain iodine, liberated in approximately the same 
manner. 


(i) Formalin. 

Formalin is the 40 per cent solution of a gas, for¬ 
maldehyde, which has a highly penetrating smell, bijj 
is relatively innocuous. Its real importance is as a 
gaseous disinfectant, its use in which condition is -de¬ 
scribed fully later on (sec p. 74). As an aqueous 8<^- 
tion, the chief action of foriualdehyde is to restrict the 
growth of bacteria, which are prevented from germin¬ 
ating by solutions as weak as 1: *20,000. Much stronger 
solutions of the gas, however, are required to actually 
kill bacteria, though 4 {ler cent is a sntlicient strength 
to destroy all’ vegetative forms and the majority ol 
resting forms in less than half an hour. The disin¬ 
fectant properties arc heightened considerably by raising 
the temperature. Formalin has been used as a food 
preservative; but its employment for this purpose 
is prohibiteil in Germany, on account of its tanning 
action on corporeal cells when taken internally. Even 
in a state of extfeme dilution, its 'presence can be 
identified by the characteristic penetrating smell. For 
disinfecting the skin and hands it is also unsuitable, its 
taiming action rendering the skin hard and dry. At¬ 
tempts have been made to obviate this drawback by in¬ 
corporating formaldehyde with concentrated alcoholic 
solutions of soap; and a preparation of this kind (Lyso- 
for&) is largely used as a disinfectant, for which purpose 
it w equivalent to 3 to per cent carbolic acid. The 
^ning action on the skin is ajpiost entirely prevented. 
Another preparation, Morbicid, acts in a similaT 
manner. ‘ 
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(i) I'nix-rralireii. 

((wing t(i tho keen struggle earned un by the la^gisla- 
ture of nearly a'vhtv country against the use of injurious 
chemicals for [ireseiving fiMKlstull's, e< rtain hranehcs of 
industry are continually hringiiig new " iircsiirvatives " 
Ml the market. The action of those new [ireparatious is 
haijdly distinguishahh: from the old, jmdiihiteil pi'eserva- 
tf jjs, such as suliihurous acid, liorie. acid, salicyli<- acid, 
hen/.oic acid and eomjiouiids of s;ime. When used in 
tho (juantities priweiihed, all of them havc^ a ecrtaiii ris 
tardmg iiiflin nee ou*tho growth of haeleria, hut never 
to such an extent as to i>revent putrefaction from setting 
in a little Tater than usual. The danger of jirosi^vativos 
lies, on the. one haixl, in the fact that they mask jiutre- 
faction phenomena which would otherwise !><■ detected 
by the eye and nosi', and on the other in that the 
eumulative eonsumption of hsidslulTs preserved in this 
manner injures the organism. The true disinfecting 
[Kiwer of these preservatives is very slight, so that 
e^n the germs of lactic bacteria, which have a very 
low power of resistancik, will reproduei! actively after 
initial retardation in milk heavily dosed with pri'sm- 
vatives. 


► (/) V dial Ur DiHinfrcl'i nU. 

This category comprises a number of suhstanecs Ihs- 
loiiging to a variety of chemical groups, and having in 
common the property of being only sjuiringly soltble 
hi water and remaining solid or liquid at ordinary tem- 
(lerature, but volatilizing readily, The^chiof substancf* 
of this class are: chloroform, thymol, to|u<>l, oil of ^ur- 
pcDtine, and a few ethereal oils. 
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Chloroform acts chiefly as a preservative, and is often 
used in the laboratory to preserve blood serum and other 
nutrient media, the proportion added being about 1 to 
2 per cent. The chloroform settles down to the bottom, 
and the amount of volatile constituents which it cedes 
to the supernatant licpiid is, though small, sufiBcient to 
prevent any bacterial growth. This effect is not de* 
stroyed by the large ))rotein content of the liquid. Be¬ 
fore the liquid is used, the chloroform can be readily 
expelled by warming at 50" to fiO" C. for an hour. A 
similar lujuid is toluol, which is, Ifowever, a far njore 
pftverful bactericide, and is in turn surpassed by thymol, 
which does not melt below 51” G. The addition of a 
crystal weighing less than 1 gramme to 1 litre of a liquid 
liable to putrefaction, will ensure it keeping for weeks, 
or even months. At the same time the weight of the 
crystal hardly diminishes at all, thymol teing very 
sparingly soluble in wnttu'. In alcoliolic solution its 
action is not so powerful; but when the concentrated 
vapour of thymol is used in conjunction with steam, 
say in vacuo, the disinfectimt power is approximately 
equal to that of formaldehyde.* Oil ot turpentine, the 
ethereal oils of mustard and origanum oil, possess not 
inconsiderable disinfectant properties. Oil of turpen¬ 
tine now bnds practical application for disinfecting and 
deodorizing, and also for internal disinfection—i^ala- 
tion by sufferers from pulmonary complaints attended 
with malodorous sputum, e.g. inflammation of the lungs. 
On <he other band the disinfecting pro][)ertie8 of other 
voliftile substances, such as camphor, menthol, naph¬ 
thalene, are very small, though they are of some ini^ 
^rtance as preservatives. * 

^'inally, montioii should here be made of several tar 
products; aniline, creosote, ichthyol and maiacol. 
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Tablkts. 

A description of the various meiubors of diiTerent 
groups of dispifectants whicli are now marketed in 
tablet form is justified on tlie grounds that tablets con¬ 
stitute the most important form for many practical 
(pirposes, the actual composition of the tablets being 
a secondary consideration. This lorm is snpi'rior to 
gpWders and 'litjuids because the proiior’tions can bo 
accurately weighed out in the process of manufacture, 
so that solutions o^ a certain jasrcentage strength can 
then be prepared wen by entirely unskilled jKirsons. 
Couvenience in packing and transixirt are also a<l- 
vantages tif the tablet form. An essential condition, 
however, is that the tablets shall be stable. Of late, 
manufacturers have endeavoured, with more or loss 
success, to send out all kinds of disinfectants in tablet 
form; and the advantages of these have been utilized, 
> not only in clinics and disinfecting installations, hut 
also by private persons who use disinfectants mure 
rarely. 

I. Sublimate and Sublimate Tablets. 

Angerer’s sublimate pastilles are the oldest form of 
^diainfeAant* in weighed out quantities, and consist of 
4-6 per cent of corrosive sublimate, together with 
common salt and an addition of cosine to colour the 
*aolution and thus prevent accidental p<'isonin (4 The 
common salt is added to prevent the decnmpositioA of 
the. sublimate; but, according to Kroenig and PSul, 
Cke amount used might be reduced one-half without 
loss of utility. Since the pastilles contain the diain^ 
fectant in an unaltered condition, they*are just,as 
effective as the corresponding solution of the salt. The 
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tal)lots, woighing 1 ot J gramme, are sold in a black 
wrapper laavriiig the imprint of a skull in white, and 
must he protected from moisture, being very hygro¬ 
scopic. * 

Subliimine, which, as already metitioned, is prefer¬ 
able to sublimate for some purposes, can be pressed 
into durable pastilles without any added matter e.xcept* 
cosine for colouring. Its action has already bepn 
describi.'d. 


2 . Phenol and Cresol Tablets. 

The oldest form of carbolic acid tablets wai^prepared 
by mixing pure carbolic acid^—liijuelied by heat—with 
40 per cimt of hard soaii, the mass being formed into 
tablets when cold. -Thesis tablets did not keep well 
and hail to bo stored in glass tubes. 'J'hey melted at 
107 K. and gave a cloudy, but complete, solution in 
water, the disinfecting properties being apparently un¬ 
affected by the adjunct. Though they served their 
purposes for many re(]uirements, they never succeedud 
in tinding general ap\)lieation. • 

Carbolic acid “ L’henostal" tablets are a combina¬ 
tion of carbolic acid and oxalic, acid (diphenyloxalate), 
two parts ot the former to one of the latter, ‘ilwing 
to the powerful disinfectant pro])erties 'yf the okalic 
acid, these tablets are one and a half to four ^imes as 
effective as carbolic acid of eijual coiicentration. This 
jiheflostul has the further advantage over carbolic acid 
thaf it is less poisonous, has not such a caustic action, 
a^nd does not precipitate protein on absorption. The 
tablets arc colmircd with a little fuchsine, and cost 
alxmit twice (Is much as carkdic acid of equal eftici- 
enev. Tire new carbolic acid tablets of the German 
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makers of “ Phenostal ” consist of phenol and potas¬ 
sium phenolate. and thus contain ‘dO [)cr cent of 
phenol. Tlie mass is a whiti' |>o\vdi'i' which does 
not melt hi!|))W ‘J'24 to ’diti K., and is theivfovi^ 
suitable for use jn the tropics. Tin' tahicis them¬ 
selves are stable’ and re;wlily solul'lc. The solution 
is not corrosive, and the hacterieidal cllect is sliohtly 
below that of earholic acid. The price is still verv 
Jilfjh. 

The same makers als.i vend lysol tablets, eontiiinint; 
paraciusol 7.") per i;i'nt, hard soap l.'i per cent, talc and 
holh 0 to 7 per e»nt. 

The tablets have an I'vil smell, which is oidy parti¬ 
ally masiced by perfumes (eumariiO. 'I'lu^ action cor- 
responiis to that of a solution eontainino the same 
amount of paraercsol ; hut since )iaracrchol has a lower 
disinfectin(; jiower than its isomers, the (tVect of lysol 
tablets can in tteu' ral merely lie ilcsionated ,as ade¬ 
quate. t.'ri'sol tablets, made by the same tiernian 
tirm. are a com|"iund of potash and metacresol 
(metakaliii) which melts at I7.S and consists of 
To per cent of metaeres d, tooether with a little, 
talc and bole. 'I'liese two adilitions improve the 
keeping proiierlies of the tablets; hut as th<i latter 
arc still liable to deliquesci', owing to their hygro- 
scopicity, they have to ho jirotected from moisture. 
3'hia latter property at the same time ensures ready 
solubili^. Their disinfectant properties are higher 
than those of ly.sol tablets, metacresol being'sinjerior 
in this respect to paracre.sol. , 

The “ Segcrin " tablets are also comjKiunds of cresol 
and soap. The brovwi tablets consist of oO to 55 lair 
cent of metacresol and have very gi?s)d keejiing pro- 
jHirties, for though they are rather soft when nPwly 
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made, they harden in storage. Nevertheless, they dis¬ 
solve readily and are claimed to be superior to Liqu. 
cresol. sapon. of equal concentration. The black tablets, 
which are made of a mixture of the three crude oresols, 
are said to be equally powerful with the brown, since 
they contain at least HO per cent “of inotacresol and 
over ‘20 per cent of the other two terms. 

TI. Gashoits Disinkectants. 

The ideal disinfectant is a gas of great antiseptic 
power and capable of uniform distribution in apace. 
This latter result is opposed by th‘e considerable diffi¬ 
culty that all spaces are filled with a gas—at^nospheric 
air—which has to lie displaced in some way or other, 
or else mixed with the disinfecting gas. Of these 
latter there is no scarcity, but their practical employ¬ 
ment is opposed by <rifficulties which, for the most part, 
are insuperable. Ohiorine and bromine arc the most 
powerful gases of this kind, but they enter too quickly 
■ into combination in the air to allow themselves to be 
distributed in anything like an efficient manner. More¬ 
over their destructive action on, colours mid fabrics puts 
them out of court for practical use; and since hydrogen, 
oxygen, and carbon dioxide are too inefficient, the 
number of gases suitable to act as disinfectants ^s very 
small. 

(n) Sidphurtnis Acid and Carbon MonoMde. 

Mtilphurous acid (sulphur dioxide) which is formed 
by the combustion of sulphur, is well known from ,,it^ 
penetrating smell, and has be^ used from time im¬ 
memorial for disinfecting (fumigating) casks and vats, 
Foikthia purpbse the physical properties of the gas are 
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comparatively favourable, its composition being so stable 
that it mixes with air without cjiangu. In course of 
time it penetrates deeply into the pores of the articles 
under treatment, and, in presence of a high pruiiortion 
of humidity, is a capable bactericide. Its poisonous 
properties, however, restrict its use consuhfrably ; and 
many articles suffer damage by its bleaching effect on 
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colours, and the ineradicable stains caused by deposition 
of Bulphur. 

, The onljFprocess in which fumigation with sulphur 
has attained any great imjiortanco is in disinfecting 
plague ships by means of the Clayton apparatus (Fig. 
9). The gas is generated in this apparatus by%urn- 
>,ing sticks of sulphur, and is blown into the cabins, 
etc., of the ship suspreted of being infected with plagpe. 
Owing to its content of anhydride, Clayton gas is 
superior in disinfecting power to pure slilphur dkrdde ; 
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and when mixed, in the proportion of 5 to 8 per cent, 
with tlie air of a room, will infallibly destroy the vege¬ 
tative forms of typhus, cholera, dysentery, and above 
all, plague, provided the germs rest on surfaces to which 
the air can gain access. As already mentioned, the 
gas penetrates tor a certain depth' into caviti<s and 
pur(!s, hut this property must not he confounded witli 
the (ilhsd resulting from tie; .actual displacement of the 
air in the pores by the disinfecting gas; In the ch^i 
of tubercle bacilli and resistant staphylococci, the dis¬ 
infecting action of Clayton g.as in tin; above proportions 
is uncertain. » • 

’ 'I'ln; main purpos'', however, of tiu' Clayton apparatus 
is the destruction of rats, which arc very dangerous 
transmittiirs of plague, h’ive per ciuit of Clayton gas 
in air will infaltihly kill rats, mice, cockroaches, hugs, 
Ileas, gnats, etc., in a few seconds; and even when only 
I per cent of the gas is present, the rats are no longer 
able to re;ich their liiding places. As the Clayton ap¬ 
paratus blows an ample supply of gas into the rooms 
in a very short space of time, all the rodents which 
happen to he at large are usually killed at once, thoufjli 
the gas is net always' able to penetrate into the remotest 
recesses in the prescrihed time of four to five hours. 

ft may also he mentioned that sulphur hiim^ have 
been successfully used for killing the yellow-fever fly 
in districts wIktc that disease is prevale.nl* 

The dark side of disinfecting with sulphur fcimes is, 
as already hinted, that many artieWs are damaged by 
sulphur (fabrics are stained, and foodstuffs absorb the 
sulpliur); also that the hiding places of rats are not, 
penetrated by the fumes. To,overcome this defect, 
N^ocht and Giemsa have proposed to use a gas contain¬ 
ing stlxiut ^er cent of carlion monoxide, generated 
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very cheaply and in a nianncr not liable to f,'ive rist! to 
explosions, by burning' coke in a special aiipanilus, 

The oivs has no real disinfis tant |Ki\vcr. and the 
plague bacilli be ilestroyeil by other means; but 

when iulded, even,in very small ipiantities, to thi'air, 
carbon monoxide ensures the death of the rats even 
l>'hen concealed in the.ir holes. ()ne danger attends the 
use of this gas, natmdy, that it cannot be detected by 
sjnMI, and, therefore, any person aeeideiitally < titering 
a vessel undergoing this fumigation may meet with a 
fatal aeeidetit. 


(/O ()ZI»li-. 

()/one,1vbieh is formeil whenever electrical discharges 
take place and has a penetrating snudi, is a powerful 
oxidizing agent. Jn jireseiiee of organic matter it 
readily parts with one atom of oxygen, out of the three 
atoms of which its uiolceule is composed, and fti so 
doing produces deodorization ami disinfection. It is 
only since electric currents of very high tension could 
be generated by means of transformers that the pre- 
pifi'ation of ozone on a large scale has liecomc practic¬ 
able, this gas being prislueed by the non-luminous 
discharges of these currents, (kmcenirated mixtures 
!)f ozone and air form very eiu'rgetie bactericides, but 
Ihey^lso destroy organic materials in a manner anal¬ 
ogous to the iletion of chlorine. When the proportion 
of ozoin^in the mixture is low, no bactericidal effect is 
produced, but the sir is deodorized in a noticeillile de¬ 
gree; and on this account, small (|uantitios of ozjne 
are now generated in small high-tension electrical ap¬ 
paratus in crowded rontns, theatres, concert balls, an4 
;he like, in order to freshen the atmodlphere. Larger 
quantities of ozone are employed for sterilizing wAer 
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for municipal purposes, ttie town water-supply of 
Paderborn, for instance, being sterilized by this means. 
The method adopted is the following: The water is 
allowed to trickle down in thin streams through a tower 
tilled with coke, and in descending meets a strong up¬ 
ward current of highly ozonized dir. In consequence 
of the largely increased surface presented by the wa(jpr 
under these conditions, the ozone is enabled to pene¬ 
trate, and destroys all the bacteria present, being itself 
reduced to onlinary oxygen in the process. The water 
must, of course, be freed beforehand from the coarser 
impurities by a rapid process of tfltration. 

(c) Formaldehyde. 

Formaldtihyde is undoubtedly the most important of 
all gaseous disinfectants. At the ordinary tempera¬ 
ture this gas—which has a penetrating smell—is un¬ 
stable in the pure state, three molecules condensing to 
one tpolyinerizatiou) and forming a white powdery, 
substance, “ paraform,” which is placed on the market, 
in a compressed condition, as “formalin pastilles”. 
Prom this polymerized form the gas can Ire gener^d 
again by heating" at but'on a slight fall 

in the temperature, polymerization sets m once more. 
I’his explains the extremely low disinfecting grower of 
the dry vapours when disseminated in the air, the 
solid body immediately formed being Hiert. On this 
account the old Schermg lamp, which produced dry 
va^rfzation of the formalin pastilles, was soon found 
to^ be useless; and it was only when the vapours -of 
formaldehyde and water were generated side by side 
(in the Schering “ ifCsculap'• lamp) or together 
any extensivd* disinfecting action could bo obtained. 
A>r this purpose use was made of the previously men-. 
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iioned 40 per cent eolation of the gas, “ formalin," 
which is cheaper, commercially, than the solid para- 
form. The action obtained in this way, however, can¬ 
not be regarded as due to the gaseous condition, though, 
as the vapours uiul^ergo distribution in a manner anal, 
ogous to gases, it* is usual to class formalin vapour 
i^ong with gaseous disinfectants. As a matter of fact, 
the formalin gas and water vapour are disengaged 
sjpAiltaneously, the gas dissolving at once in the vapour 
and forming minute drops of formaldehyde solution, 
the vapour having cf^ndeiised to the form of mist owing 
to thte fall in tompeiiature on dissommatiori in tlie air. 
At the outset the warm mist, being specilically lighter 
than the Surrounding air, rises to (he ceiling, where it 
cools and descends again depositing on all objects with 
which it comes in contact a thin film of liquid formalin 
which destroys the bacteria. It follows, therefore, 
that uniform distribution of the formalin vapour in a 
room is not obtained unconditioiially: and also that 
the fonnalin can only act in places where the vap airs 
are able to undergo deposition. In any event, uniform 
diftribution depends on the action of forces by which 
the mixing of air and vapour is produced by motion. 
This mixing always takes time, ami in no case is the 
operation os movement shared by the air contained in 
•the ppres of the articles under treatment, such air re¬ 
maining stationary in the pores and ummxed with for- 
•malin, efen when the general air movement is very 
active. On this aceount, formalin vapours (xaiiitot dis¬ 
infect by penetration. Moreover, successful disin^ec- 
tion.with formalin requires some time to accomplish. 
I^r instance in the case of warm objects, such as 4 
lighted stove, the fonnalin deposit re-vhporixes almost 
at once even nf formed at all, and consequently Ihe 
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bactericidal action is a negative one in such places— 
always provided that the bacteria are not destroyed by 
the heat. On the other band, it the operation be 
carried out properly, all luicro-organisms floating about 
in the air, on particles of dust or^ drops of liquid, are 
destroyed, siius; all the true vapour issuing from the 
apparatus needs, to he able to condense, is to en¬ 
counter surfac(!s cooler than itself; and it utilizes the' 
(irst opportunity of condensing that is presented, namely 
the particles floating in the air. I'lach of these par¬ 
ticles is thenibv surrounded by ayiinute drop of water; 
and any other floating particlcfFstill remaining fn the 
air will finally he caught by the mist which soon fills the 
room. 

1. l)lSlNI’li( "HN'(; UooMS WITH KoliM.M.I.V AI’I’.VIIATCS. 

'I'hese briefly recorded results of scientific observation 
form the basis of a process now largely employed for 
the disinfection of rooms, the principle of which pro-‘ 
w^ss has been adopted in many special forms of appa¬ 
ratus and modiliial methods, 'I’liey all have in comipon 
the discharge of fjirmalin and water vapour into the 
air of the room, but ditt'er in respect of the apparatus 
for generating the vapours. Since the effect depends 
on the aforesaid circumstances, it is not' the'same in 

o 

all methods. The following are well-lyiown foinis of 
apparatus : Czarplewsky’s ‘‘(’olonia," Proskauor’s 
“Herolina.” l'’lugge's '■ Breslau," and the Lingnef 
apparatus ^Figs. 10 to Id). In* the first of these, 
wciter is evaporated and the steam blows out of a 
narrow orifice over i> nozzle from which the formalin 
^issues, and iqixes with the' water, the action re¬ 
sembling that of a spraying device (Fig. 10). In 
the Prosjjauer apparatus (h’ig. 11) and also that of 
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Ijingner (Fi«. 11^), steam is blown throuf^b pr(!-ln>ated 
formalin ami this i>ec(>nu*8 impretjnated with formalde- 



Fuj. Ill Ft'fjujiljii 

Sprayer. 

K.V'ater pan. i\ Lower oihI of 
Nti^aiii pijie. L). Steam pi|fr. 
II, Or, (%>, ('aain^. L, Horner. 
T, Plaiform for tlio fonnalin 
G, ^HpiraOo* pipe for 
the fortimliii. S, Ponition of 
Hpray. The force of the steam 
iittuing Horn Mm end of ihe 
ftori20Dt|l pi|>e D draws the 
formalin out f>f the vortical 
pipo and carries it aWay. 


I'lo. 11 . “Ih.ro- 
liiia” Fonnalin 
ApparaliiH. 

A. Water pan. 
Fonnatin reeep 
laele. I>, I'nlws 
eonveyitij{ the 
sU.ain into the for¬ 
malin receptAclo. 
(', Coiie.l steam 
pipe for heating 
the formalin. S, 
Section othrough 
coil. T. Howl 
o]H!ning. • 


hyde gas. The siinplcat apparatus is that of Klugge 
(Fig. 1'2) in which a solution of formaldehyde (atoul 
8 per cent strength) is vaporized in a tvidc pan.i it 
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being found that the vapour from this solution also 
contains about 8 per cent of formaldehyde. 

In the case of weaker or stronger solutions the con- ■ 
centration either diminishes or increases continuously, 
so that the no longer soluble formaldehyde separates 
out in the insoluble, and therefore inactive, condition 
of paraform, in the one case from the vapours issuii% 



Fio. l*i. — “ Bivs> 
1 a u Foriiialin 
ApiMiratuH. 

A. Casing. B, For¬ 
malin pan. 
Burner. U. Dis¬ 
charge pipe. 


Km. lo.—Lingner Apparatus. 
A, Casing. B, Heating burner. 
* (\ Annular water pan. D, 
Formalin pan. a, Steam pipe, 
6, b. Discharge pipes. P, 
Stand. 


fram the apparatus, ami in the other ease from t^e 
original solution. Kach apparatus must be operatedo 
in accwdance witli the instructions provided, which 
alM state the amount of spirit to be used for heating. 
The vapours issue from one or more orifices—four in 
I^fingner apparatus (Fig. IH)-—for about an hour; The 
ascent and subsequent descent of the formalin raieft, 
coupled with* the continuous discharge of powerful 
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currenta of vapour, impart to the uir of the room the 
movement necessary for the mixing process, ami thus 
generally ensure an efficient disinfection, which is even 
able to destroy ■spores of low resisting iH)wer, though 
the effect is merely superficial. Hence articles that are 
infested internally, such as bed linen in particular, re- 
^qflire different treatment—steaming or boiling; and 
all other infected articles must be arranged so as to 
oflfe» an c.vtensive surface for the dejsisition of the con¬ 
densing formalin. Thus pockets must be imlled out, 
cupboard doors and drawers opened wide, clothes spreml 
out, and so forth. * 

It is foiyid that in general, about J oz. of formal¬ 
dehyde and 1 oz. of water must be vajiorized per cubic 
yard of room sjiace in order to ensure the reiiuisitc 
supersaturation of the air with a sufficiently concen¬ 
trated solution of formalin to afford certainty of mle- 
quate disinfection, and that the operation must be 
,’continued for at least three and a half hours. During 
this periixi the slight film of foniialdeliydc deposited 
on^ll the surfaces under treatment must remain un¬ 
disturbed, this being the •only way to ensure success. 
The removal of any large proportion of the active 
vapour by ventilation would cause premature evapora- 
|ion of the deposited fonnalio. The mere diffusion of 
air through the brickwork of the walls, etc., is too 
slight to»jirodnce more than an inappreciable loss of 
formalin vapour during the continuance of the opera¬ 
tion; but badly lifting windows and doors, or Jhe 
presence of cracks or holes would lead to such «n 
abundant interchange of gas with the external air as 
to idlow a large propdHion of the fojrmalin mist tee 
escape, whilst at the .same time the deposited film 
fTouId quickly evaporate again in consequence of tiie 
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rapid dryinf,' of the air of the room. The instructions 
therefore usually specify that all doors, windows and 
cracks, must be carefully sealed up beforehand by means 
of damp cotton wool or strips of pai)er. » 

One very important item, how(!v^r, is omitted from 
mo.st of these instructions for use. The action of 
formalin depimds on the temptuaturi^ to a greater ex¬ 
tent than most other cluimioal disinfectants. Now, 
the (\uaiitity of formalin needed to produce effectual 
disinfection is calculated on the basis of a mean room 
temperature of oi) to tlH F.; but if, as is oftim done, 
the room to be disinfected is well Hired for several days 
before thi' operation, and if the latter be performed in 
cold weatlnu' without tlu^ room having been warmed, 
the whole elfept may be nulliliedin consequence of the 
low temperature. It must be borne in mind that the 
disinfectiv(^ action gradually diminishes b(dow F. 
and ceases almost entindy below l(i F. 

In skilled hands ilisinfection with formalin yields 
perfectly satisfactory results, and has proved especially 
useful as a final pi'oeess of disinfecting sick rooms. At 
first its introduction was impelled Iw.a difficulty which, 
however, was soon overcome, namely that the pene¬ 
trating smell of the formalin remaimsl in the walls and 
other articles so persistently as to make the room un¬ 
inhabitable for several weeks. A remi^dy tor this draw¬ 
back was soon discovered, however, in the uke of lynmonia. 

When disinfection is complete, ammonia t'apour is 
intjjodifced into the room, preferably by blowing it in 
thipugh the keyhole by the aid of a long tube (Fig. 14). 
This va|iour deposits on all surfaces inside the room 
and combines with the toriifcldehyde to form the 
inodorous compound hexamethylenetetramine. This 
result can be achieved completely with about 45 grains 
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o£ auuuonia per cubic yard of room space; and the 
superfluous ammonia vapour is dissipated in a few hours. 

Special mention siiould be made of tlie fact that no 
injury is caused to any articles, colours or varnishes, by 
either the forraalin*,vapour or the ammonia. 



Fill. 14. - Ffu^ge’« Ammonia Vai»)rii!or. 

B, Ammonia pan. Ti, Burner. T, Caaiiig. U, Discharge pipe. 
S, Feed opting for ammonia. D, Vapour pipe. V, Sleeve for 
catching condensed liquid. 

The following approximate quantities needed for dis¬ 
infecting rooms relate to the Fliigge apparatus as Ijeing 
the one most largely used:— 


> Chahoe roK “Breslau” Ai-p.iratus (to Generate i v / i . or 
Forhaldeuvue per Cubic Yaeb ok Koom Space). 


Cubical oonteQt of room. 
• cub. yds. 

Formalin {4^ cent), 
oz. 

• 

Water. Spirit (86 per cent), 
nz. oz. 

lU 

19i 

20 : 

34 

,20 . 

17 

25 

8 


20 

30 i 

10 

4D 


40 . 

124 

50 • 

30 

45 

17 

«9 

35 

50 ! 

20 

70 

37 

55 ■ 


80 

• 42 

05 i 

26 

90 

404 

70 1 

30 

100 

50 

76 : 

314 

110 

53 

80 

35 

190 

SM) 

90 i 

38 

130 

02 

95 4 

40 

140 

07 

100; 

. 43 

150 

70 

105 1 

404 


6 
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Till! ammonia vaporizer should he charged with :— 


Ouhii al iiapiwlty of riMmi. ' 

Ajiinumia (25 jmjv cimt). 

SpIrH (Ii6 jier cMit). 

yiU. 

(>Z. 

• 01. 

10 

5 

4 

20 

10 

1 

an ; 

m 

11 

40 . 1 

IH 

2 

50 ! 

20 ' 

2 

00 i 

25 

2* 

"0 1 

no 

0 

so 1 



'.HI 

i :w * 

4 

100 

40 


1 110 

1 45 


IZO 1 

1 50 

5 

i;«i 

! 5:t 

T'-l 

140 

5« 

5J 

150 

00 

0 

*J. DlSlNI-KCTINi 

i ll(M)MS WITHOIT 

Ari'AiiA'j'us. 


((() The Aulhan Method. 

0 

The dithculty oT transporting disinfection apparatus 
and tile liquids for use with same, especially in cam¬ 
paigns and inanieuvres, coupled with the cost of for¬ 
malin apparatus for occasional use, and filially' with thg 
high lire risk incurred by using spirits for heating, has 
led to the problem of vaporizing formalin being solved 
by mpans of chemical agencies. The first method df 
tins kind was the Autlian method, introduced by Eis- 
chengriin. Authan (F. Bayer & Co., Elberfeld)-i-a 
mixture of parafonn ('29 per cent) and metallic perosfde 
‘ (71 iier cent).r-is suffused wifh a specified quantity of 
ijiater and «tirrcd, whereupon an energetic chemical re¬ 
action is set up. The mixture effervesces and boils 
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after a sliort time, a diMise (•loiiil <if steam and formal¬ 
dehyde being-given otf. With tlie original i)re))aration 
the reaction was complete in one to two minutes hut 
the result was Very imperfect. In the imiirove<l foim 
the two ingi'odientiS, the amount of whicli has heen 
increased by 00 per cent per unit of room space, are 
|*K’ked in separate rec(!)itacl<'s, so as to prevent gradual 
decipuposition through the alrsorptiou of moisture dur¬ 
ing, storage. Moreover hiearhonate of soda has licen 
added to the ingredients in order to delay the com- 
menciiinent of the rtiaction and prolong the stage of 
ebull'ition. This enables the authan powder to la^ very 
carefully stirrcal up in the water -the operator can 
safely leave the room as soon as the mixture com¬ 
mences to effervesci’—and, in conse(juenee of tiri' more 
protracted liberation of vapour, a more en'eetual mixing 
with the air of the room is attained. This method, 
however, dilt'ers from those in which apparatus is used 
*hy the fact that the amounts of formaldehyde and 
water vaporized are smaller and that the liheration of 
th^ vapours continues for only a relatively short time. 
Consequently the vajiours are ilistrihuted less uni- 
foriuly, with the result that the upper jiarts of the 
room are more effectually disinfected tlian the lower 
levels, v^iilsf one or more of the corners may escape 
altogether. To prevent loss of the heat disengaged by 
th& reaction and playing an im|)ortant part in the 
ifUccess o (the method, wooden pails or pans should be 
used for mixing the ingredients, metals conducting iie 
heat away too quickly. 

•ffhe improved method at any rate succeeds in ue-^ 
stroying most of the patTiogenic germs present, and is 
therefore capable of doing good service when no ap¬ 
paratus is available. The cost of the method 'has now 
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been reduced to a traction over Id. per cubic yard of 
tuuin space, so that it is but little more expensive than 
with the Flugne apparatus, whilst the prime cost of 
the latter is saved. Authan is sold irr tins—bearing 
printed instructions—sufficient for; rooms of various 
sizes, six, eight, ten, etc. cubic yards. The tins are 
provided with two gauge marks, so that when emptied 
they can be used for measuring the water for,the 
authan and ammonia reactions respectively. For this 
latter reaction a mixture of ammonium chloride and cal¬ 
cium oxide is supplied with eacls tin, which mixture 
when sufl'usiid with water effervesces with liberation of 
ammonia and steam. 

(b) PuUmiwn Permanijanate Method. 

An efficient method based on the same principle, 
is the ixitassium permanganate method invented by 
Evans and Bussell, and elalxirated by Dorr and Rau- 
bitschek. According to this method crystalline potas¬ 
sium permanganate (the powdered form is useless) is 
suffused with a certain quantity of formalin which t^ts 
up a reaction similar to that of the Atithan method. 

This reaction, which consists in oxidizing a portion 
of the formaldehyde to formic acid, with considerable 
generation of heat which vaporizes the fbrmSldehyd^ 
and water, depends tor its intensity f^p the relative 
proportions of the reagents (penuanganate aqd formal¬ 
dehyde) and the water. According to Dorr and Eau^ 
bit&chek the most suitable ratio per cubic yard of room 
splice is, permanganates | oz.; 40 per cent formalin, 
^ pint; water g pint; but Lockemann and Croser 
state that better results are obtained with, permangan¬ 
ate I oz .; formalin | pint; water pii\t. This latter 
recipe gives a mean va^mrization of | oz. of formaide-. 
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hyde.and J oz. of water per cubic yard of room space, 
which experience has found to be ample for disinfection. 
The reaction is more thorough than in the case of 
aufhan, about; 5fi per cent of the formaldehyde used 
being vaporized ii\coraparison with only lH-7 per cent 
of that in authan. As the result of this, the practical 
o^ials made in disinfecting a variety of articles have 
demonstrated the superiority of the ])ermanganate 
method in thoroiighness and reliability. Moreover, 
the comparative cheapness of the ingredients and the 
fact that the inetlK^l is not patented are tM>th jioints 
in its favour. 

On the other hand the necessity for conveying the 
liquid foftnalin in bottles is a drawback for military 
purposes. This,has teen remedied by the use of solid 
polymerized formaldehyde, which, though it will not 
react in presence of permanganate and water alone, 
can be made to do so by various iulditions, notably 
alkali. Consequently, the necessary ingredients; ])or- 
manganate, parafonn and adjunct, can be packed in 
small compass in the dry state, and only need to be 
nfixed in the prescribed .proportions and suffused with 
water, to effect disinfection indoors. In this case also, 
success depends on the proper mixing of the ingredients 
and th* water. Careful investigations by Lockemann 
'and Croner have led them to recommend the following 
iqpthod; A Aixture is prepared consisting of about 
4 oz. of paraform, j oz. of permanganate crystals, | 
grain of bicarbonate of soda per cubic yard dt rjom 
space, and on to this is poured about 1 oz. of water^ier 
upit of space. These must be stirred up carefully with 
a wooden paddle about <our inches wide for about half 
a minute; and in ateut three-quarters (5 a^iinute from 
the start the fiiixture will begin to froth up^grathiatly. 
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The tiine l■e(|uil•c<l for (Usinfecfcion is four hours. Ac- 
cordini^' to tliis recipe at least 36 per cent of the crude 
paraforiii and 46 per cent of the water are vaporized. 
The qriantities are rather smaller than ip the forinalin- 
pcrinaiiKauate method; hut are reported to have fur¬ 
nished satisfactory results in ])ractice. Tfio subsequent 
application of ammonia is carried out by any of this 
known methods. 

It was at. first thought unnecessary to take *ai^ 
special ])recautiou for making the room air-tight in 
working without apiiaratus, the jdea being that the 
i'ai)id liberation of the total ([uantity of vapour precluded 
any loss of active material through ventilation. Since, 
however, the elliciency of the disinfection depends to 
a large extent pii the length of the action of the de¬ 
posited formalin on the. surfaces treated, and the de¬ 
posit is liahht to be prematurely re-evaporated by an 
abundant ventilation, the practice of making the room 
air-tight, in the manner described above, is now gener¬ 
ally a(lo])t(Hl. 

3. J.u'.\m;sk Minmoii. 

* • 

An endeavour to improve tbe action of fornialdebyde, 
especially in res[iect of penetrative disinfection, was 
mad(? by the ,la])anese military authfu-itics duwng the 
cainjmign in Manchuria; and this atti>in))t led to the 
introduction of a method which was largely used durijig 
tbe war and proved successful within the scftpe of its 
limitations. As history teaches, the conditions pre¬ 
vailing in war .are such as always predispose to the 
spreading of serious diseases, and necessitate a system 
flf disinfection that can bo •practised, without any 
special dilfi(;ulty, in all sorts of places, and does not 
take up very much time. In the Japanese method. 
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readily [wrtable appliances are used consisting of a 
wooden disinfecting shed, a boiler constructed to stand 
a steam pressure of six atmospheres, and a formalin 
receptacle. The articles regarded as likely to spread 
infection: uniforms, equipment, laidy linen, bed linen, 
boots, gloves, etd., are hung or ])ded up loosely in 
;^he air-tight chamber, into which steam is blown, 
under high pressure and mixed with formalin, llirougb 
Spraying device mounted in the uppei’ part of the 
front wall. This device disperses the current of steam 
and directs it against the rear wall, from which it is 
thwwn back on allVsides. \ [wrtion of the air of the 
chamber is expelled through an aperture at the bottom, 
the remainder of the air becoming intimately mixed 
with the vapour owing to the suitable arrangement of 
the spraying device. At first sight the method ap- 
lieats very similar to the ordinary system of room dis¬ 
infection ; but really differs therefrom considerably 
inasmuch as so much formalin vapour is admitted to 
the chamber that the temperature of the air and vapour 
mixture rises to as high as 140 h'.. whereu[)on the 
fteam is shut off. 

The formalin-vapoui* mist produced in this way acts 
much more energetically than in the ordinary method 
of ro(#n disinfection, so that the duration of the opera¬ 
tion can be shortened to one or two hours without 
impairing tl»e results; in fact, it is sometimes abbrevi¬ 
ated to»half an hour. In the latter case, steam is admit¬ 
ted to raise the temperature of the chamber to,140” F., 
•and a large quantity of formalin is then sprayed in 
.during one minute. It has been calculated thaf the 
amount of formalin jieeded per cubic yard of room 
sjiace IS i 0 /,. of 40 per cunt formalin, equivalent to 
I oz. of formaldehyde. The Japandbe meth(»i is 
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imperfect in so far as the disinfection achieved is for 
the most part merely superficial. The vapours flowing 
into the chamber are condensed at once, owing to the 
extensive cooling, and mix with the air of the chamber 
to form mist. Hence they are in no wise suitable for 
displacing the air in the pores of tfie articles treated, 
being obliged to condense on coming in contact witl^, 
any surface. In practice the method suffers from the 
further drawback that the large consumption of form^ii^ 
renders it extremely expensive—though the Japanese 
regard this defect as counterbalanced by the rapidity 
of the method and the low cost of ^he apparatus; and 
it is also troublesome to carry out, by reason of the 
escape of formalin vapour through unavoidahJe leaks. 
On the other hand, it must be admitted that the sur¬ 
face disinfection" obtained by the method is exceedingly 
thorough, and that a penetrative effect is sometimes 
achieved in consequence of the wetting of the articles 
by the copious fog, whilst there is no risk of injuring 
them, especially leather and furs. At all events the 
majority of the disease germs present are killed, pro¬ 
vided the operation is conducted with skill, and thera- 
fore the method does admirable' work. 





CHAPTEK IV. 

O iMBINKD SYSTEMS OF DISINFftiTION. 

fjSUER this heading will be described, not any special 
systems consisting in the simultaneous or successive 
use of different disinfectants for the attainment of a 
particular purpose, but rather mutually complementary 
combinations of physical and chemical disinfection pro¬ 
cesses. Strictly speaking, any increase in the tempera¬ 
ture of a disinfecting liquid forms a combination of 
physical and chemical disinfection, since the action of 
the chemical process is supplemented by the heat, and 
vice versa. Such conditioas, however, need no further 
discussion. For the combination of steam and chemical 
disinfectants the biological considerations are compara¬ 
tively simple, and the chief advantage of such combined 
methods resides on the ^ysical side. 

From the biological standpoint, the following con¬ 
siderations apply: Water at boiling temperature has a 
very jiowerful destructive action on spores. Steam 
being a gas, its use in combination with other agents 
is restricted to those which are either already gaseous 
or at least volatile* and among these, formaldehyde 
occupies the highest position. It is now ascertail|ed 
bfi^ond any doubt that the disinfecting power of steam 
at 212“ F. can be further augmented by admixture 
with volatile disinfectants. This can eftsily be demon¬ 
strated in the ease of highly resistant spores. In prifc- 
(89) 
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tice, however, this is of no special importance, the 
disinfectant properties of steam at the above tempera¬ 
ture bein;' already so f'reat as to exceed the needs of 
most practical instances. Now the grea|,t advantage of 
disinfecting with steam is that, in e.losed apparatus, it 
displaces the air completely, even ifl the pores of the 
articles treated, and thus (phckly achieves a maxiniui^ 
penetrative effect—provided the pores are not choked 
up—without softening the iirticles tbeinselvcs. 'flip 
reason why steam disinfection is not applicable in‘all 
cases is that the high temperature of the steam de¬ 
stroys many articles, especially th»so of leather oi»fur. 
In these circumstances the idea naturally suggests it¬ 
self to (!ombinc volatile or gaseous disinfect^ints with 
water vapour guneratod at low leinpcraturc by the aid 
of a vacuum, and which under ordinary conditions has 
practically no disinfectant power below 17(i b'. 

The vapour, inert jicr m'. which rapidly iienctratcs 
through porous articles, will act as a carrier of a power¬ 
ful disinfectant and enable the latter to act inside the 
articles. Toe experiments carried on by Rubner to 
ascertain bow this cmild be done, showed the possibilfty 
of combining saturated water vapour of low tempera¬ 
ture with a whole series of disinfectants, seemingly 
adapted to furnish suitable results. He.fou»d that 
carbolic acid, sulphur dioxide, hydrogoiv, peroxidej and, 
more especially, formaldehyde, will mi# in sufficient 
quantity with water vapour when exposed to boiling 
water 6r the vapour itself is blown* through their solu- 
tiops. On the other hand the percentage of disinfee- 
tant in the combined vapours differs considerably fropi 
that of tlie boiling liquid; and rthe ratio of these con¬ 
centrations varies considerably, in turn, with the altera- 
titfli effected in the Ixhiing temperature by altering the 
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pressure of the air. To bring this state of affairs into 
a clear light the following table, relating only to form¬ 
aldehyde, is given, showing the boiling points of the 
formaldehyde.mixture at different ])ressures, and the 
percentage of foriualdehyde in the resulting vapours : _ 
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This demonstrates tliat, at ordinary atmosidieric 
pressure, the vaiwurs contain more fw-maldehyde than 
the boiling liquid; but that when the pressure is 
artificially reduced the ^concentration of the vajKiurs 
diminishes considerably in proportion to the liquid as 
this reduction [jroceeds. liubnor also found that the 
ponetwitivo [)ower of attimuated vapours into porous 
* artiqjes is not inferior to that of steatn at 21‘2' F. 

'J^he biologicifi action of saturated water vapour at low 
•temperdlures, in combination with a series of volatile 
disinfectants, was "investigated by Christian. •'J’he re¬ 
sults, as might be exjiected, showed the superiori^ of 
fprmaldehyde ovtsr all others as an adjunct to water 
vapour at 112’ to 140" P’. However, in order to 
utilize the activity of formaldehyde* to, the full, an 
annroxiinatciv K per cent solution of that substtftice 
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mu8t 1)0 used, at the temperatures in question, the re- 
suiting vapour containing about B per cent of formalde¬ 
hyde. The destructive effect of this vapour on spores 
is equal to that of steam at 212'' F. 

Very favourable results were algo obtained with 
thymol, though only at temperatures above its melting- 
point (178J'' F.). Apparently the vaporization oS 
thymol from the liquid proceeds far more energetically 
than from the crystalline, substance. ' Bemarka^ly 
enough the best results were obtained from solutions 
or emulsions of 2 to 5 per cent ^rength, which also 
act more powerfully than those df higher conceiltra- 
tion. No certain explanation of this fact has yet been 
adduced. Among the other volatile substaflces, car¬ 
bolic acid, carva6rol, and acrolein rank about equally 
but are, not capable of practical application; whilst 
hydrogen peroxide, oil of turpentine, iodoform, naphtha¬ 
lene, and the other substances examined have no 
bactericidal properties at all under these conditions. 

I. Gaii'inhu’s Mej'Hod of Disjnkeotiso Books. 

• 

The disinfectant properties of alcohol in combina¬ 
tion with water vapour and diminished pressure have 
been utilized by Gartner in devising a melhodrwhich 
has l)een patented by A. Scherl, Berlin, and is adapted 
to the disinfection of Irooks. The appafatus for this 
method is constructed by Wegelin & Hiibner, Halle-on-' 
Saale. 'The method is based on the principle of ad- 
mit|mg alcohol vapour into a pre-heated vacuum 
chamber, the vapour condensing on the surface of ajt 
the articles therein and thus destroying any disease 
germs preserj:. The apparatus consists of the disin¬ 
fecting chamber, heater, aird auxiliary appliances. The 
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bojks are raised to a teniporaturc of 1‘2.V' F, in the 
heater, whicli takes the fonu of an ordinary liot cup¬ 
board in four parts, the walls and partitions forming 
water jackets* The heating of the books proceeds from 
the outward surfaces by conduction alone, and thus it 
takes at least several hours to warm them through when 
the volumes exceed a moderate thickness. From the 
heater the books are transferred on four slides to the 
disinfecting chamber, and are arranged on en<l with 
the covers opened out. The disinfection chamber is 
provided with a wnter jacket inches thick, which is 
hetfted to 140° P. Before the books are intro<luced, so 
that this temperature prevails approxiimitely through¬ 
out the "chamber. The chamlajr being hermetically 
closed, the internal air is pumped out until the pressure 
gauge marks only 00 mm. of mercury, eipiivalent to 
a vacuum of 700 mm. According to Giirtner, under 
these conditions the leaves of the books separate and 
stand apart. In the meantime a disinfectant fluid, 
consisting of water and alcohol in e<jual parts (about 
3 gallons per 1000 books), is heated to 176° F. in a 
copper vessel on the wafer bath, this temperature corre¬ 
sponding approximately to the boiling point of alcohol 
under ordinary pressure. The copper vessel is her¬ 
metically closed and connected with the disinfection 
chamber by opening the intervening tap, whereupon 
the disinfectrng liquid boils immediately owing to the 
’diminisW pressure. The vapours thus liberated are 
conducted into th6 chamber through eight uftiformly 
'distributed perforated pipes, which, in order to pr^ent 
iKndensation, are mounted alongside corresponding 
steam pipes. At the* same time the said pipes we 
arranged in covered trays, which collqpt any liquid 
oondensimr dt the nerforations. and thus nrevent'the 
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spurting <j{ such licjuid into the cliaiuber. The admis¬ 
sion of vaix)ur is continued tor fifteen to twenty min¬ 
utes, by wliich time the vacuum has receded to 400 mm. 
The hooks in tlie chamfier Isaing several degrees cooler 
than the internal spiicc and the al(y)hol vapours, the 
latter condense as a thin film on tW surface of the 
books, which arc thereby gradually warmed to 140" F.' 
whereupon the alcohol vaporizes anew. At the qpd 
of one to one and a half hours, the vapour atmo8))here» 
is e.\pelled from the chamber by the admission of air, 
an o|)eratioii which takes ten to fifteen minutes; and 
after half an hour longer, to enable* the final traceS of 
disinfectant to bo eliminated by ovajioration in the 
warm air, the process is complete. '' 

When the chalnber is opened, a little over half a pint 
of condensed liijuid (containing about 00 per cent of 
alcohol) will be found at the bottom According to 
Gartner all pathogenic germs, exceid sporulating an¬ 
thrax and tetanus bacilli, are destroyed with certainty 
by this treatment, especially tubercle bacilli, staphy¬ 
lococci, and the bacilli of diphtheria, typhus, dysentery, 
etc. ’ , ■ 

The method is chiefly one of surface disinfection, 
though, by reason of the technical arrangements em¬ 
ployed, it approaches very closely to a true peneClrative 
process. Whilst the prearranged vacimm generates 
true vapours from the already boiling hot disinfecting 
liquid, these vapours destroy the vacuum and set up ’ 
a gas pressure which induces condehsation. The re¬ 
sulting fall in pressure does not, perhaps, play any im-' 
portant part in relation to the subsequently admitted 
vajx)ur. Condensation naturally takes place on the 
cooler surfaces, i.e. on the leaves of the books; and if 
it b# really the fact that the evacuation of the air in 
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the chaiul)er causes the leaves to stand apart, then 
practically all portions of the luHiks that are accessible 
to disease genus will Ix^ exposed to the disinfecting 
liquid, which .-as there seems no reason to doubt -is 
capable, from its composition and temptTature, of de¬ 
stroying the vegetative forms of ))athogenic germs in 
the time allowed for the ojxTation, A few remote 
hieijng places, such as wher<^ the leaves are fastened, 
find into winch the mixture of air, vapour, and mist 
cannot ))enetrate, will always escape treatment; but 
since by reason of iheir small dimensions these places 
wilfalso very soon Httain the temix-rature of 140 ’ K., 
the majority of the concealed germs will probably fxi 
destroyefl. On account of this last nami'd circumstance, 
the metluxl is not a pm'foct one ; but, provided the tech¬ 
nical arrangements, espi'cially the isolation of the leaves 
and the distribution of the vapour, act priqierly, that 
circumstance is jiractically negligible, On the other 
hand, the method is very expensive, the prolonged 
heating up of the books and chamber (the latter taking 
over two hours), the heating of the disinfecting liquid 
ift the water bath, and .the heating of the steam pipes 
in the chamber, entailing a large consumption of fuel. 
The attainment of the vacuum necessitates the pro¬ 
vision* of nn air pump, and the chamber must he 
strongly built and air tight. Finally, the disinfectant 
4 sed, alcohol* is one of the dearest of all. 

II. Fobmai.in Vai’oi.h Method. 

On the basis of experiment Von F.smarch, in 14)0*2, 
proposed to employ water vapour, formalin, and a partial 
vacuum for protective* disinfection. Pe, however, ifid 
not fully recognize the true importance cl the vacuum 
in the production of unconfined water vapour of low 
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temperature, but merely operated with an initial vacuum, 
which soon disappeared in consequence of the liberation 
of steam. 


(«) Weimar Apparatjis, 

C 

Von Esmarch’s ideas found application in a number 
of disinfection apparatus, only one of which, however? 
the Weimar apparatus (Gebr. Schmidt, Weimar) ap¬ 
pears to be still on the market. In this apparatus 
the disinfection vessel, alter being charged with the 
material under treatment and hermetically closed, is 
evacuated, by moans of an air pump, to a pressure of 
about 160 mm. mercury gauge (equivalent to a 600 
mm. vacuum), whereupon steam laden with formalde¬ 
hyde is admitted through a number of distributed 
nozzles. The steam under slight pressure (tem¬ 
perature 216“ to 231° F.) is charged with formaldehyde 
from a drop apparatus in the feed pipe (Fig. 15). In 
consequence of the admission of steam into the chamber 
the vacuum is diminished, and at the same time the 
temperature rises to about 158“ F., at which point the 
supply of steam is slmt off until the internal tempera¬ 
ture has receded. The steam cock is then reopened, 
and again closed, so as to maintain the temperature at 
158“ F. for about an horn. By the time the process 
is completed, the vacuum has fallen to 200 mm. or 
thereabouts, so that the chamber contains air at a 
tension of 160 mm. and steam at a tension of 400 
mmj, that is to say, charged with about one-third of 
air.j. Moreover a large portion of the admitted steam’ 
is obliged to condense on the surfaces of the materials, 
and is liable to choke up the pores in same. Even 
assuming, frqm the nozzle arrangement, that the air 
aniF steam are perfectly mixed, this niixing cannot 
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extend to the interior of tlie pores. The forces cap¬ 
able of driving the air out of the ))ores are not present 
to more than a slight e.Ktent, and lawt exclusively on 
the partial elimination of the original vacuum, the 



Fni. 15—Weiiufir ApiwrHliis. 

Disiufoction chHiiil>ei'. H, Steam hoilei'. C, Drop apiMiraliiN 
for forinaliu. D, Air pump. 

force ofc giwitation which acts in ordinai'y steam dis¬ 
infection being excluded by the whole arrangement of 
th^ method. T!t therefore follows that disinfection of 
this kind’mnst be imperfect, especially as legards pene¬ 
trative effect. 

(6) Hamburg Apparahw. 

Kister and Trautmaan, who originally worked orf 
the above lines, afterwards recognized !he ,trae import 
of the vacuum,* namely in the production of unconfinSd 
7 
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water vapour at low temperature, so as to bring about 
the same physical conditions as with ordinary steam 
under atmospheric pressure. However, to maintain 
these conditions at constant value, it is necessary to 
continue to evacuate the vessel duriijg the operation of 
disinfection, so that, despite the liberation of the vapour, 
a constant pressure is obtained. The original, unin% 
proved Hamburg apparatus (Boy & Bath, Duisburg) 
comprised a disinfection vessel, in the bottom of wfiic^ 
stood a pan, charged with a 1 per cent solution of 
formalin and adapted to be heate^. and an exhausting 
device operated by a steam injecuir. This apparatus 
was attended with the same defects as those first used 
tor steam disinfection. The vapour libeiwted from 
the heated liquid after the evacuation of the air in the 
chamber was obligecl to ascend through the air to the 
toj* of the chamber, to then expel the air from above, 
and consequently became so charged with air during 
its upward course as to imperil any regular action. In 
the newer form of apparatus (Fig. Hi) constructed by 
K. Hartmann, Berlin, the va()our liberated from a 2 per 
cent solution of formaldehyde is admitted into fee 
top of the disinfection vessel, and consequently the 
apparatus would be perfect, from the scientific point of 
view, were it not that the method of working (exhibits 
certain technical defects. For example, the steanr 
injector is not capable of continuously *maintaining a 
sufficient vacuum to keep the vapour temperature^, 
low F., which is the highest permissible tempera¬ 
ture for the disinfection of leather. On this account 
the prescribed working temperature (158° F.) of fee 
Clamburg apparatus renders i, it unsuitable for that 
purpose, i^oreover the initial solution contains only 
2‘l)er cent of formaldehyde, which liberates a vapour 
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containing only l-l per cent of that substance and 
therefore not capable by a long way of exerting the 
maximum disinfectant power of the agent. Again, 
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, Fui. IK.—Ham)mrg Ajipitratiibi. 

A, chamber. B, Formalin vossel. Steaiii boiler. 

D| Steam mjector. 

the consumption o^ formalin in this method is io large 
that the use of the most suitable formaldehyde solu^on 
to (t per cent strength) would be ’too expensive.' 

^The Hamburg apparatua can now, if desired, be supplied with 
an ^ pump and fonoalin trap, and tbua act^uirM <maractet of 
tiie Ruonor apparatus. 
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(c) Rubner Apparatus. 

The Bubnec apparatus (V. & M. Lautenschlager, 
Berlin) consists of a disinfection chamber, recipro¬ 
cating air pnmp, formalin gener^or and formalin 
trap; and in cases where there is no available con¬ 
nection with a steam main, it is also fitted with a 
steam boiler (Fig. 17). The apparatus is universal 
in its action, being capable of operating with stean* 
under pressure and in vacuo, with or without com¬ 
bination with chemical disinfecWints. The steam 
generator serves a variety of purpo*8es : (1) For ofdin- 
iiry steam disinfection with or without pressure; (2) 
for heating the radiators supplying heat to* the dis¬ 
infection chamber before and after the operation; (8) 
for working tlu? air pump ; (1) for heating the 
formalin liquid by means of a coil. The disinfection 
is carried on in the following manner; After the 
chamber has been charged with the material under ' 
treatment and has been moderately pre-heated, all the 
vessels constituting the apparatus being hermetically 
closed, a vacuum of (100 mm., is produced througholit 
the apparatus by means of the air pump, and the 
formalin liquid is heated to boiling by the steam coil, 
the boiling-point under the prevailing pteasurfi being 
140 ' F. The vapours enter the disinfection chamber' 
from above, and, as in the ordinary steivm disinfectipn 
apparatus, expel the air by degrees from above down* 
wai^d8,^8o that this air escapes at The lowest iroint of 
thq- chamber, traverses the formalin trap and air pnm^, 
and i^ discharged through the boiler fire into the at- 
rfiosphere. W^ien the chamber is filled with formalin 
vajKJur, whieh is the case when the thermometer in 
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the escape pipe registers 140' F., the fonualin vapour 
escaping from the chamber is condensed in tlio water- 
cooled formalin trap and retained there. The air pump 
and formalin, generator are regulated so that, whilst 
maintaining the.vacnnm, the How of vapour through 
the apparatus is reduced to a minimum. Given efficient 
•cooling of the formalin trap none of the disinfection 
vajjour is lost, so that the condensed lii|uid cun be 
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Fni. 17.—Biibner Appirrstas. 

A, Steam boiler. B, Air pump. C, Formalin gonorator. D. 
Formalin trap. K, Ilisinfectioii cliamlmr. F, Shelves for material 
under Igeatiitput. G, Cliamber door. 

used, over again after being pumped into the formalin 
generator. “This arrangement ensures, on the one 
•hand, the advantage that the original concentration of 
the formalin liquic^can be maintained without dfficulty, 
thus preventing the deposition of paraform which t^uld 
occur if the concentration increased as a result of boil¬ 
ing, since the vapour f»om the 8 per cent liquid contains 
only 3 per cent of fonnaldehyde. The clqef advantage, 
however, resides in the cheafiness of the operation,Hhe 
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same charge of liquid sufficing for a number of disin- 
feciions. 

These technical improvements fill a wide gap in prac¬ 
tical disinfection. Whereas, formerly, leather goods 
and furs could only be disinfected in an imperfect 
manner by washing with disinfectant solutions, and 
never without risk of damage, these materials, which* 
are very susceptible to the effect of heat, can now.be 
disinfected thoroughly without the least danger of in- 
jury. 

.\n interesting modification of th% Rubner apparatus 
is the portable form illustrated in Tfig. IH. The disin¬ 
fection chamber is charged from the side, and the rear- 
wardly mounted steam boiler is fired from tfie back, 
whilst the formalin generator, formalin trap, and air 
pump, are mounted under the driver’s seat. Since the 
walls of the apparatus have to withstand considerable 
external pressure, they would, if constructed in the 
ordinary manner, have to be very heavy to ensure 
strength. To obviate this a special form of construc¬ 
tion has been devised by the makers, both for the port¬ 
able apparatus and' a number of 'the stationai^' 
patterns, namely by building the walls in segment of 
a sphere, with the convexity partially directed inward, 
the edges being rounded off. In this way the pr^ssnSre, 
which otherwise would tend to force the middle .por¬ 
tion of the fiat walls inward, is distributed uniformly’ 
over the whole surface. The barrel form of chamber* 
which would achieve the same purjtose leads to diffi- 
cult^s in charging the apparatus. 

.The new method of disinfection has also a less iif 
jiKious action on other sen3itive<anaterials, fine fabrics, 
colours, etc, than is the case with steam at 212° F. 
It fias also^ afforded the first satisfactory sblution of the 
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difficult and much discussed problem of IsKik disinfec¬ 
tion. If th% books be piled up loosely in a properly 
working vacuum apparatus, they will all be thoroughly 
disinfected w^hout the slightest injury to the heaves, 
text, or binding.^ Consequently the method has the 
following points ot superiority over the Giirtner method 
.anade public in 1900: (1) Uniform penetrative action, 
even the smallest air spaces being traversed by the 
.vapour; (2)^increased bactericidal properties, which 
extend even to the spores of antlirax and tetanus 



Fi<i. 18.—Portiibltt Kubner Apparatus. 

A, Steam boiler. B, Chimney. C, Disinfection ohnmber. 1), 
Air puiap, fs Formalin generator. F. Formalin trap. 

bacilli, wherqgs vegetative fonus alone arc killed by 
Acohol .vapour; (3) the duration of treatment is re- 
*duced to one hour^at most, as compared with the four 
to five hours of the Gartner method ; (4) cheapBes^ the- 
first charge of formalin for a chamber with a cubical 
Skpacity of 3 cubic yards costing 128. Since the same 
charge of fonnalin can*be used repeatedly, the cost jftr 
Deration—apart from the fuel consnmed-a-is only 74d. 
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if tlie charge is used twenty times, and of course less if 
the same charge be employed longer. 

It may be expected that the labours of science and 
technics will yield additional fruit in coonection with 
remedying existing small defects, ,aud introducing 
further improvements. Taking all' things int.o con¬ 
sideration, however, sufficiently powerful weapons ar» 
already availalilc against all possible dangers of infec¬ 
tion; and the succe.ssful application of tliese weapons, 
resolves itself into the suitaldt! training of experts, the 
education of the publii;, and efficient su])ervision. 


'IIIK K.M). 
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